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Introducing “POWER 
The First Object-Oriented, X-Windows 
Signal Processing Software Solution. 





























Let's Talk Firsts. Signal Technology was the first to bring you a 
if <== commercial DSP product. We were the first DSP vendor to 
ry ‘ eae " ~make the INC. 500 list of fastest growing private companies 
as ILS became the world standard solution. And now 
Signal Technology is chalking up another first —nthPOWER. 































nthPOWER, a revolutionary environment for digital signal 
processing, data analysis and presentation. nthPOWER, 
the DSP answer for end-users, VARs and OEMs alike. ‘ 


OOPs Makes it Easy. POWER without sacrificing 

simplicity is made possible by our plug-compatible, 

reusable, building block approach to DSP development. 
Other benefits include: 

= Extensive graphics 

® Point-and-click user interface 

= Fast and easy prototyping 

® Unlimited customizing features 

= Custom and built-in pop-up menus 

= Heterogeneous network support 


POWER to Migrate and Integrate. 
nthPOWER integrates software 
packages and your proprietary 
software to form a seamless DSP 
development environment. 


Another Industry First for OEMs and VARs. 
New solutions have never been easier. 
~ Besides nthPOWER'’s powerful 

_ development tools, its runtime system will 
support custom application deployment. From DSP 
hips to specialized software, the solution is now here. nthPOQWER! 


Proven Reliability 1 the Industry Leader. Because nthPOWER is backed by Signal Technology’s 
experienced team of professionals, you're assured the finest customer support available. 
Discover the POWER difference today. 


Call Signal Technology toll free at 1-800-235-5787. 






Shi Signal Technology Inc 


120 Cremona Drive # P.O. Box 1950, Goleta, CA 93116-1950 


805-968-3000 @ 1-800-235-5787 = Los Ne ake @ Fax 805-968-2620 SPEA 7/90 
Circle No. 



















‘NEW OBJECT-ORIENTED LANGUAGE 

















VehicleObj = OBJECT 
course: [| 0 ..:. 3593 7: 
speed: INTEGER; 
position: LOCType; 
TELL METHOD ProceedTo(IN Dest: LocType) ; 
ASK METHOD Stop; 
END OBJECT; 


AircraftObj = 
altitude: 
OVERRIDE 

ASK METHOD Stop; 
END OBJECT; 







OBJECT (VehicleObj, GraphicsOb}) ; 
INTEGER; 











MODSIM II -- at last, a complete object-oriented language with built-in graphics 


MODSIM II -- Now Available 
Object-Oriented Programming with Graphics 


Free trial and, if you act now, free training 





| MODSIM II has the facilities you ace — 

need to develop and maintain reusable whien yO Wimectuee Ea Nee aN Da pes aaa 

. code for large projects. Your programs Computers with MODSIM II ii at 

. can be divided into separately compiled MODSIM II is highly portable. It is ERUPT fla lige “Posrinematy rhea 
modules, and common constructs can be Computer OSA ES | 


Meo II™ is a modern, 
object-oriented language. All 


the features needed for programming 
with graphics are built-in. 

MODSIM II supports multiple 
inheritance and dynamic object crea- 
tion. Objects may redefine methods, 
and communicate through message 
passing. 


imported from libraries that you define. 
Simulation constructs are built-in, if 
you need them. 


Easy-to-understand graphics 

Designing a graphical interface is 
simplified through the use of the 
SIMGRAPHICS II™ Graphics Editor. 

You see exactly what your graphics 
will look like -- no struggling with 
graphics primitives. Your input forms 
can contain menu bars, buttons, and 
other powerful input tools. 

The graphs, icons, and input forms 
you’ve described using the Graphics 
Editor are connected directly to vari- 
ables and control code in your program. 


Free trial offer 

The free trial contains everything you 
need to try MODSIM II on your com- 
puter. Try the language, the quality and 
timeliness of our support, and our 
documentation and training -- every- 
thing you need for a successful project. 

We’ ve been providing software and 
support for 28 years -- we’ll be here 


already available for most popular com- 
puters. 


Charter User Group benefits 

CACTI is now organizing a MODSIM 
II Charter User Group. Members 
receive a reduced price for MODSIM II, 
early releases, and other major benefits. 

For a limited time we also include 
free training. Call today to avoid disap- 
pointment -- class size is limited. 


For immediate information 

In the U.S., call Hal Duncan at (619) 
457-9681, or Fax (619) 457-1184. In 
Europe, call Nigel McNamara, in the 
UK, on (081) 332-0122, Fax (081) 332- 
0112. In Canada, call (613) 747-7467, 
Fax (613) 747-2224. 


Rush information on MODSIM ILI. 
Free trial - leam the reasons for the broad 
and growing popularity of MODSIM II. 
Charter User Group offer - return 
the coupon today and we will include a 
free course enrollment worth $950. 


Name db 


Organization _ 














Send information on your Special 
University Offer for faculty only. 





Return to: 

CACTI Products Company 

3344 North Torrey Pines Court 

La Jolla, California 92037 

Call Hal Duncan at (619) 457-9681 
Fax (619) 457-1184 


In Europe: 

CACTI Products Division 

Palm Court, 4 Heron Square 

Richmond, Surrey, TW9 IEW, UK 

Call Nigel McNamara on (081) 332-0122 
Fax (081) 332-0112 

In Canada: 

| CACI Products Company 

1545 Carling Avenue 

Ottawa, Ontario K1Z 8P9 
Call (613) 747-7467 

Fax (613) 747-2224 








MODSIM I] and SIMGRAPHICS are trademarks and 
service marks of CACI Products Company. 
© 1990 CACI Products Company 








SCIENCE “SCOPE* 


A new fiber optic cable may open the door to interference-free, high speed communications. The 
metal-coated fiber was created by Hughes Aircraft Company from long glass strands covered with an 


aluminum coating. These optical fibers withstand temperatures up to 400 degrees centigrade, can be 
soldered to eliminate the need for organic materials that could cause contamination, and exhibit long | 
life and high reliability characteristics. Besides being used for point-to-point data communication, the | 
new technology can also be incorporated in fiber optic sensors and optoelectronic hybrid circuits for | 
use in space satellites, advanced fighter aircraft instrumentation, and automobile, aircraft, and | 
spacecraft engine monitoring. 


An advanced infrared seeker uses significantly more heat-sensitive detectors than current operational 
seekers to produce an image that approaches the quality of an advanced video camera. The Hughes- 


built Advanced Infrared Seeker (AIRS) contains over 16,000 detectors in a miniature focal plane 

array that stares at an entire scene rather than scanning an area. The smaller, more sensitive system 

also uses unique analog image signal processing techniques that allow it to sense objects emitting 

minute or intense heat without recalibration. Originally developed under company research projects 

for applications for the U.S. Army, AIRS technology may also find applications in the Strategic 
Defense Initiative Program. 


New applications of gallium arsenide technology will improve the performance of satellite 
communications receivers. Hughes is developing a new technology, called high electron mobility 


transistors (HEMT), for the next generation of advanced space communication equipment. HEMT 
devices are built on an indium phosphide substrate with alternating layers of aluminum indium 
arsenide and gallium indium arsenide. Laboratory tests indicate a factor of 15 improvement in the 
sensitivity of receivers using this new technology. Improved sensitivity will reduce the size of 
receiving antennas required by communications satellites, lowering their weight and their 
manufacturing and launch costs. 


A new generation of soldering systems allows unskilled operators to solder with high reliability. 
The new hot bar soldering systems, built by Hughes and called the HRS-86 series, allow precise 


control of temperature, pressure, and operation sequence. The systems feature highly visible and 
easy-to-use controls to reduce operation errors, and a new construction that minimizes tip skidding. 
The new units are designed to handle very large circuit boards and will typically be used to solder 
edge connectors, flex circuits, and quad packages to circuit boards. 


At Hughes, we’re applying our mission analysis expertise to a wide range of critical DoD mission ) 
areas and societal issues. These important studies involve such areas as air combat, air defense, C3 


land combat, space defense, transportation safety, law enforcement and air quality control. To 
continue these vital efforts, we currently have opportunities for Mission Analysts with a proven 
record of performing defense analysis or systems effectiveness studies and a minimum of 5-10 years 
experience. Send your resume to: D. Robinson, Hughes Aircraft Company, Dept. $3, P.O. Box 
92426, Los Angeles, CA 90009. U.S. Citizenship may be required. Equal Opportunity Employer. 


For more information write to: P.O. Box 45068, Los Angeles, CA 90045-0068 


©1990 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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MAY 8: The Federal Commu- 
nications Commission award- 
ed Millicom Inc., New York 
City, a two-year license for an 
experimental cellular telephone 
network that will expand the 
number of callers who can use 
it simultaneously. Millicom 
plans systems for 25 000 sub- 
scribers in Houston, Texas, and 
20 000 in Orlando, Fla. 


MAY 14: After announcing a 
97 percent earnings fall for its 
first quarter, Philips NV, Eind- 
hoven, the Netherlands, said 
chairman Cornelis J. van der 
Klugt would resign July 1 and 
be replaced by consumer- 
electronics director Jan D. 
Timmer. Analysts said Timmer 
would have to speed up Philips’ 
restructuring to plug losses, 
notably in computers and ICs. 





MAY 15: The Silicon Valley 
Group, San Jose, Calif., said it 
would acquire Perkin-Elmer 
Corp.’s optical lithography di- 
vision, keeping in U.S. hands 
the means of producing future 
IC generations. IBM Corp. 
helped orchestrate the deal. 


MAY 20: Scientists at the God- 
dard Space Flight Center, 
Greenbelt, Md., said the first 
images from the Hubble Space 
Telescope were two to three 
times better than expect>!. The 
1- and 30-second photos 
showed the NG3532 star cluster. 


MAY 22: Lepton Inc., a Bell 
Laboratories spinoff in Murray 
Hill, N.J., introduced its EBIS- 
4 machine, which uses direct- 
write electron-beam lithogra- 
phy to create chip features as 
small as an eighth of a 
micrometer. 


MAY 23: The U.S. Senate 
Commerce Committee ap- 
proved a bill that would allow 
the seven regional Bell operat- 
ing companies to design, make, 
and sell home telephones and 
other equipment. The bill de- 
monstrates Congressional in- 
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terest in assuming oversight of 
the industry from Federal Dis- 
trict Judge Harold H. Greene, 
whose 1984 court order barred 
the Bell companies from such 
manufacturing. 


MAY 25: A study released by 
the Oak Ridge National 
Laboratory, a U.S. Energy De- 
partment research center in 
Oak Ridge, Tenn., said a Jap- 
anese supercomputer has for 
the first time taken the title of 
the world’s fastest single-pro- 
cessor computer. The S-820/80 
of Hitachi Ltd., Tokyo, reached 
107 million floating-point 
operations a second (mega- 
flops), significantly exceeding 
the 90-megaflops Y/MP super- 
computer of Cray Research 
Inc., Minneapolis, Minn., 
when the speed of a single 
processor was measured. 


MAY 29: Four years after com- 
pletion and 14 years after con- 
struction began, New Hamp- 
shire’s Seabrook nuclear power 
plant began supplying electric- 
ity to customers, operating at 
15 percent capacity and serving 
65 000 homes. 


MAY 30: Honeywell Inc., Min- 
neapolis, Minn., and North- 
west Airlines Corp., St. Paul, 
Minn., agreed to work with the 
USSR to develop a new satel- 
lite navigation system for air- 
craft that will for the first time 
link the Soviet Glonass and the 
U.S. Navstar systems. 


MAY 30: A Pennsylvania state 
appellate court ruled that ser- 
vices that identify callers’ tele- 
phone numbers are an illegal 
invasion of privacy. The court 
said they violate the state’s 
wiretap law—even when phone 
companies let customers block 
release of their numbers. 


MAY 31: In what the Justice 
Department said was the first 
criminal case charging a viola- 
tion of the 1982 consent decree 
that broke up the AT&T Co., a 


Federal grand jury indicted the 
Nynex Corp., based in New 
York City. The jury said Nynex 
sold computer data-processing 
services over telephone lines to 
MCI Communications Corp., 
Washington, D.C., after its 
1986 acquisition of a software 
company that had leased a 
computer and software to 
MCI. 


MAY 31: After years of de- 
lay, Japanese electronics 
companies received their 
Government’s approval to 
sell digital audio tape (DAT) 
decks that can make virtually 
perfect copies of compact 
discs. U.S. song writers and 
record manufacturers con- 
cerned about copyright oppose 
DAT, but a bill pending in 
Congress would limit the co- 
pies DAT recorders could 
make. 


JUNE 1: JVC (Victor Compa- 
ny of Japan Ltd.), Tokyo, said 
it will form a joint venture with 
Philips NV, the Netherlands, to 
produce VHS videocassette 
recorders in Malaysia. The new 
venture is due to start produc- 
tion in early 1991. 


JUNE S: The U.S. Commerce 
Department told U S West Inc., 
Englewood, Colo., that the 
Government opposed a project 
to build an optical-fiber cable 
communications system across 
the USSR, linking Japan and 
Europe. The department ex- 
pressed concern that building 
the $500 million system could 
threaten the national security 
and said it opposed any coun- 
try’s release of such technolo- 
gy to the USSR. 


JUNE 6: A Federal appeals 
court reversed two decisions 
the Federal Communications 
Commission (FCC) had made 
in 1986: permitting local tele- 
phone companies to provide 
computer information services 
over phone lines without set- 
ting up separate subsidiaries 
and allowing these operations 


to be free of oversight by state 
regulators. 


JUNE 6: The Japanese 
Government chose U.S. tech- 
nology for its next-generation 
digital cellular telephones. 
Motorola Inc., Schaumburg, 
Ill., outperformed seven Japa- 
nese and European companies 
in a performance test of the 
Ministry of Posts and Telecom- 
munications. The decision will 
help U.S. cellular-equipment 
companies compete in Japan, 
where their equipment is now 
incompatible. 


JUNE 8: Hitachi Ltd., Tokyo, 
claimed it was the first to have 
developed a working memory 
cell for a 64M-bit chip. The cell 
is 1.28 micrometers square, 
and the chip, 20.28 by 9.74 mil- 
limeters square. But the com- 
pany later said it may take 18- 
24 months to develop a fully 
functional prototype chip. 


JUNE8: A USS. group of com- 
panies, universities, research 
laboratories and Government 
agencies said it would develop 
an advanced computer net- 
work in which data would be 
transmitted at speeds 700 times 
faster than possible now. The 
network will start up with $15 
million from the National Sci- 
ence Foundation and the De- 
fense Advanced Research Proj- 
ects Agency plus over $100 mil- 
lion from private companies. 


Preview: 


JULY 1: Final regulations are 
to be published for the 17- 
nation Coordinating Commit- 
tee on Multilateral Export 
Controls’ (Cocom’s) agree- 
ment reducing export curbs on 
high-technology products to 
Warsaw Pact nations. The ac- 
cord, reached on June 7 in 
Paris, eases a 41-year embargo 
on sales of mainframe com- 
puters, telephone exchanges, 
and sophisticated telecommu- 
nications equipment to the 
Eastern bloc. 


Coordinator: Sally Cahur 
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Maoh od oie Rig nage Gre | ae Gs 


The electronic 
hobbyist 


lectronics used to be fun. 


Maybe it still is, but sometimes 
| have doubts. When | was a 
youngster, | discovered a book 


in the library entitled Boy’s First Book of 
Radio. |t was an old book even then, but 
now it would look archaic. Each chapter 
gave instructions about how to build an 
ever more complicated radio, starting with 
a crystal set in the first chapter and end- 
ing with a superhet in the last. | was en- 
thralled with the adventure of it all and 
eagerly started to build my very own crys- 
tal set. 

My first great discovery was that crys- 
tal sets did not work. | built them both from 
scratch and from kits, but never got any of 
them to bring in a single station. That 
piece of rock on the end of the cat’s whisk- 
er was a bad idea—solid-state elec- 
tronics was not ready for the big 
time. However, undiscouraged, | 
found that miracles could be wrest- 
ed from vacuum tubes. All you had 
to do was to wire them up in end- 
lessly possible configurations, 
and you could pull voices out of 
the ether. This was good stuff— 
electrical engineering was for me. 

Transistors came along, but no 
matter, they were just like little 
tubes, and by wiring them together 
with resistors and capacitors, you 
could do neat things. Now | concen- 
trated on kits. See my great hi-fi sys- 
tem? | built it myself, saved a bundle, 
and if anything ever goes wrong with it, | 
can fix it. See my TV set? Yep; built it my- 
self. A beauty if | do say so. People mar- 
veled at how clever and dexterous | was. 
Not that it was very hard, following instruc- 
tions like: “Connect a 3-inch length of 
hookup wire between connector KK (S-3) 
and QQ (S-2) of the IF-audio circuit board.” 
It gave me a feeling of accomplishment 
and pride in the finished product. | have 
some of those kits—still in working order, 
too. | keep waiting for them to break so | 
can fix them myself. 

But then something changed. Integrat- 
ed circuits came along, and all those tran- 
sistors and resistors got scrunched into lit- 
tle chips. Worse yet, all the wires were in 
there, too, with the external wires connect- 
ing the chips together etched onto a print- 





ed-circuit board. Nobody cut that little wire 
and wrapped it around the solder lug any- 
more. They still sold kits, but now all you 
did was stuff the parts onto the board and 
solder the connections. It still felt good, 
but | began to wonder why | was doing this. 

Just about the time most of the fun had 
gone, personal computers came along. Al- 
tair got all the experimenters excited. The 
microprocessor was a fantastic engine, 
but it was only a single chip. Lots of other 
stuff had to be designed and wired, and 
hardly any software existed. The field was 
wide open. | was more proud of my home- 
designed computer than of any of those 
hi-fi kits. This was more like it! 

Alas, that lasted only briefly. Now my 
third-generation home computer is hum- 
ming quietly to itself while | write these 
words on one of those ubiquitous word 
processors. There is something wrong 
with the computer, but | haven’t the chance 
of the proverbial snowball of fixing it my- 
self. | don’t even know what is inside the 
case anymore. The very large-scale IC 












chips confined there have only cryptic 
markings on them. There is no circuit dia- 
gram available anywhere for this clone 
without a brand name, and, of course, 
nothing is socketed. How could a respect- 
able engineer fall so low? 

| never see ads for kits anymore. It costs 
more to package a kit than to build the fin- 
ished product. When you see the PC 
boards go through the factory, you realize 
why it makes no sense to wire or solder 
things yourself. Chunk, chunk, chunk— 
another perfect board rolls off the line. 
Ever try to buy the parts that go onto that 
board? Forget it. They cost a lot more than 
the finished and tested board. And so what 
if something goes wrong with that board 
where nothing seems removable? Buy a 
new board. Big deal. Chunk, chunk, chunk. 

For a while, software seemed the salva- 


tion of the hobbyist. The hardware indus- 
try had standardized everything anyway. 
Even if you wanted to design your own sys- 
tem, it made no sense. Only one or two de- 
signs were supported the world over. But 
in software there was infinite variety. 
Everyone could do his own thing. | wrote 
operating systems, compilers, editors, 
neat programs. It was fun, and it was 
educational. Good for me. 

Before | realized its transience, the gold- 
en age of personal computers ended. One 
day | looked around for some program to 
write, but there was nothing left. Anything 
| could think of had already been packaged 
as acommercial program that worked far 
better than one | could ever write. Worse 
yet, there was always a free program that 
was better than anything | could accom- 
plish. There was no excuse for building ei- 
ther hardware or software. You couldn't 
save money, and you couldn’t make any- 
thing different. 

The magazines that used to have circuit 
diagrams and software code just turned to 
reviews of commercial products. Last 
week, | went to a computer flea mar- 
ket that has been a regular source of 
experimenter junk for over a decade. 
Two discouraged men passed by. One 
shook his head sadly and said, “It’s 

all gone commercial.” | raised my 
eyes and surveyed the field, and | 
realized that | was looking at five 
hundred stands and booths all 
selling the same two dozen com- 
mercial products. What was | doing 
there? 

Now what? How about Boy’s and 
Girl’s First Book of VLSI Design? The kit 
comes with a bunch of CAD software disks 
and acertificate to send your finished de- 
sign in to the VLSI foundry shuttle for fabri- 
cation. Or what about Build Your Own Mo- 
lecular Beam Epitaxy Machine in Your 
Spare Time? And with all the research on 
finer linewidths using X-ray lithography, 
maybe there will be a market for home syn- 
chrotrons. Be the first to get your neigh- 
bors together and run the loop around your 
block. 

| hear that freshman enrollment in elec- 
trical engineering has been dropping 
steadily since those halcyon early days of 
personal computing. I’m looking at my 
non-distinctive, keep-your-hands-off clone, 
and I’m wondering—do you think there is 
any connection? 

—Robert W. Lucky 
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Here’s what you get. 

¢ Short Circuit Protection 
Status Indication 

¢ Current Overload Protection 


¢ Optical Isolation 
¢ TTL & CMOS Compatible Control 
¢ Built to meet the requirements 
of MIL-R-28750. 
* Cost Effective ACTUAL SIZE 
CERAMIC PACKAGE 


Now acheap off-the-shelf 
SSR that puts you in control. It lets 
you control the cost 
and the system’s function in 
military applications. 





PART # CD21ICDW 


Review the electrical characteristics and call us for immediate application assistance* 





Bias Voltage (Vgjas) 

Bias Current (Ip;as) 
Control Voltage (Vix) 
Control Current (Ij,)) 
Turn-Off Voltage Vin (orr) 
Turn-On Voltage Vin (on) 
Continuous Load Current 
lLoan @ 60 VDC 

Output Trip Current (I+Rip) 
On-Resistance (Ron) 
Turn-On Time (Ton) 
Turn-Off Time (Torr) 
Status Voltage (Vstatus) 
Status Current (Istatus) 


6.0 See Note 1 
15.0 Vaias = 5Voc 
18.0 

250 Vin = 5Voc 


0.3 

1.2 —55°C to + 25°C 
0.7 + 85°C 

2.4 (Typ.) + 25°C, 100ms 

0.65 

1.5 
0.25 

18 Voc 


2 mA Vsat = 0.3Vpc 
See Note 2 


Notes: 1. Series resistor is required for bias voltages above 6Vpc. RS = (Vgias— 6 Vpc)/15 MA 
2. A pull up resistor is required for the status output. Rstatus = (Vstatus — 9-3)/Istatus 
3. Output will drive loads connected to either terminal (sink or source). 


4. Status circuit is a built-in test feature checking the input circuitry of the relay. Status output is low (on) 
when the input is on. 





All power FET relays may drive 
loads connected to either 
positive or negative referenced 
power supply lines (source or 
sink modes). 


Vstatus RsTaTus 
STATUS OUTPUT 
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1 1 
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“g@ TELEDYNE SOLID STATE 


A Division of Teledyne Relays 


*For immediate application assistance call 1-800-284-7007. 


Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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Seeking shelter 
from the storm 


The very interesting article on “Bracing for 
the geomagnetic storms” [March, p. 27] 
raises three points. 

First, geomagnetically induced current 
in overhead lines could bypass the main 
transformer windings if the neutral points 
at each end of the line were bonded to an 
extra “earth” conductor that was also 
bonded to each tower. This conductor 
would be a fairly simple modification to 
the installed system. 

Second, the solar panels of communi- 
cation satellites could be protected from 
the solar wind by a system of rare-earth 
permanent magnets that would deflect the 
charged particles to harmless parts of the 
structure. The third point would be to use 
the solar wind to boost the satellite power 
supply in a magnetohydrodynamic assem- 
bly also using rare-earth magnets. 

Alan Armstrong 
Eynsham, England 
LLORAS 


Tracking TCAS 


TCASII equipment [“Innovations: Antenna 
ups bearing accuracy in TCASII,” April, 
p. 11] only interrogates those aircraft with- 
in range. When operating at dense-traffic 
airports, interrogations will be limited to 
just 18 aircraft per second. Because it 
operates on the same frequencies as 
those of the air-traffic control (ATC) radar 
beacon frequencies, not all aircraft can be 
equipped, and range is limited at airport 
areas. Also, no threat-resolving advisories 
will be given, only traffic advisories; other- 
wise there would be too much interference. 
Without having all aircraft able to commu- 
nicate with each other, there can be no as- 
surance of a safe separation. In a spatial 
conflict, an unequipped threatening air- 
craft may make a maneuver that cancels 
a correcting one being made by the ship 
with the onboard collision-avoidance sys- 
tem (TCAS). It is the range and range rate, 
used to compute time to the point of 
closest approach, which determine the 
threat of collision. 

“Innovations” describes a bearing- 
measuring capability. Yet, as described, 
that bearing capability plays no part in de- 
termining what escape maneuver to make. 
If the criterion for a safe separation lies in 
achieving an adequate altitude difference, 
then it makes no difference what the in- 
truder’s bearing is. 

Bearing information is needed by TCAS 
because in dense-traffic areas TCAS will 
not provide pilots with threat-resolving ad- 
visories, just traffic advisories. It will then 
be incumbent upon flight crews to try to 
locate intruders visually. Knowing the in- 


truder’s bearing, as well as altitude, will 
help. If, however, the intruder is outside the 
visual range of the pilots or approaching 
from the direction of the sun, locating that 
bearing will be nearly impossible. Should 
the weather not be clear, or the intruder ap- 
proaching from a lower altitude over a well- 
lit city at night, picking the bearing up in 
time to make a corrective maneuver will be 
“iffy” at best. Should an unequipped in- 
truder make a wrong move, then a collision 
could ensue in spite of the presence of 
TCAS. 

Because of the need to equip all aircraft, 
and because of the need for timely threat- 
resolving advisories under all conditions, 
the data link of TCAS needs to be changed, 
so that TCAS cannot interfere with ATC 
communications and ATC communica- 
tions cannot interfere with TCAS. There is 
also a need for a range able to provide pi- 
lots with an adequate warning time and op- 
timized threat-evading resolution adviso- 
ry. Until such changes are made, TCAS will 
be worse than nothing in dense-traffic 
areas. Pilots, believing that they are pro- 
tected, will not be doing much traffic sur- 
veillance themselves, and the equipment’s 
data link will not be reliable. 

E. R. Gunny 
Los Angeles, Calif. 
OT 


Wescon 


| was shocked to read that the American 
Electronics Association (AEA) sponsors 
Wescon, the Western Electronics Show 
and Convention [May, p. 50]. AEA’s 50 
percent interest in Wescon was purchased 
by IEEE in 1973. Since then, Wescon has 
been owned and operated by the San Fran- 
cisco and Los Angeles chapters of the 
Electronics Representatives Association 
(to whom the IEEE sold a 30 percent 
interest). 

Charles A. Eldon 

Los Altos, Calif. 


We regret that, because of a copy-editing 
error, the statement that AEA originated 
Wescon was changed to AEA sponsors 
Wescon. —Ed. 
2 ONS CO SRI eet 


Corrections 


On p. 36 of the May issue, two photomicro- 
graphs of magnetic recording media 
should have been credited to Drexler Tech- 
nology Corp., Mountain View, Calif. 

On p. 14P of the June issue, the dates for 
the 40th Annual Broadcast Symposium 
should have been Sept. 6-7. 

On p. 59 of the June issue, the logarith- 
mic-scale marks of the curve “Activity in 
electrotechnology research...” should be 
1, 10, 100, 1000, 10 000, and 100 000.—Ed. 





Readers are invited to comment in this department on material previously published in 
/EEE Spectrum; on the policies and operations of the IEEE; and on technical, economic, 
or social matters of interest to the electrical and electronics engineering profession. Short, 
concise letters are preferred. The Editor reserves the right to limit debate on controver- 
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Magnetic Recording Conference (MAG); July 
23-26; University of California-San Diego, La 
Jolla, Calif.; Kanu G. Ashar, IBM Corp., PO6/ 
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Conference of the Society of Instrument and 
Control Engineers of Japan (IE); July 24-26; 
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Summer Topical Meetings— New Semiconduc- 
tor Laser Devices and Applications (LEO); Aug. 
1-3; Monterey Sheraton, Monterey, Calif.; G. 
McBride, LEOS, 445 Hoes Lane, Box 1331, Pis- 
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Consider the personal and professional benefits 
that only IEEE can offer you. 

Being a member of IEEE—the world’s largest 
technical society—makes it easier for you to 
meet the established professionals in your field; 
to have ready access to all the latest state-of- 
the-art information, technical meetings and 


conferences. 

IEEE can be the single most vital source of 
technical information and professional support 
to you throughout your working career. 

No doubt, you’re already established in your 
field. Now gain that competitive edge. Become 
the best informed—an IEEE scientific/engineer- 
ing professional. 
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Third International Conference on Industrial and 
Engineering Applications of Al and Expert Sys- 
tems (COMP); July 15-18; Mills House Hotel, 
Charleston, S.C.; Moonis Ali, University of Ten- 
nessee, Space Institute, M/S-15, Tullahoma, 
Tenn. 37388; 615-455-0631. 


Power Engineering Society Summer Meeting 
(PE et al.); July 15-19; Marriott and Radisson 
Hotels, Minneapolis, Minn.; S. L. Larsen, North- 
ern States Power Co., 414 Nicollet Mall, 8th floor, 
Minneapolis, Minn. 55401; 612-330-6149. 


Nonlinear Optics: Materials, Phenomena and 
Devices (IEEE/LEO); July 16-20; Stouffer Waio- 
hai Beach, Kauai, Hawaii; Glenda McBride, 
|IEEE/LEOS, 445 Hoes Lane, Box 1331, Piscata- 
way, N.J. 08855; 201-562-3896. 


Fourth International Conference on Power Elec- 
tronics and Variable-Speed Drives (IA et al.); 
July 17-20; Institution of Electrical Engineers, 
London; Jane Chopping, IEE Conference 
Department, Savoy Place, London WC2R OBL, 
England; (44+1) 240 1871, ext. 218. 


Third International Conference on Vacuum 
Microelectronics (ED); July 22-25; Doubletree 
Hotel, Monterey, Calif.; Reedy Langevin, 
Courtesy Associates, 655 15th St., Suite 300, 
Washington, D.C. 20005; 202-347-5900. 


Summer Topical Meetings (LEO) — Broadband 
Analog Optoelectronics: Devices and Systems; 
July 23-25; Optical Multiple Access Networks; 
July 25-27; Integrated Optoelectronics; July 
30-Aug. 1; Monterey Sheraton, Monterey, Calif. ; 
G. McBride, LEOS, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855; 201-562-3896. 


Magnetic Recording Conference (MAG); July 
23-26; University of California-San Diego, La 
Jolla, Calif.; Kanu G. Ashar, IBM Corp., PO6/ 
025, 5600 Cottle Rd., San Jose, Calif. 95193; 
408-256-3541. 


Conference of the Society of Instrument and 
Control Engineers of Japan (IE); July 24-26; 
Tokyo, Japan; Hiro Yamasaki, SICE President, 
1-35-28-303 Hongo, Tokyo 113, Japan; (81+3) 
814 4121. 
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Summer Topical Meetings— New Semiconduc- 
tor Laser Devices and Applications (LEO); Aug. 
1-3; Monterey Sheraton, Monterey, Calif.; G. 
McBride, LEOS, 445 Hoes Lane, Box 1331, Pis- 
cataway, N.J. 08855; 221-562-3896. 
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circuit capability, $210. Both will run 
with as little as 1 meg of RAM. 


_PreSpice $175, Extensive Spice 
Model libraries, Spice Netlist Editor, 
ICAPS menu drive system. 
IntuScope $325, interactive Spice 
graphics post processor. 
Simutatine With Spice, A complete 

_ Spice reference book with tutorials, 
examples, and Spice syntax. 

_ Included with all IsSpice programs. 


PC Products 
IsSpice $95, The complete Spice 
program that runs on all PC's. AC, 
DC, and Transient analyses. 
IsSpice/286 and IsSpice/386, Special 
286 ($210) and 386 ($386) protected 
mode Spice versions. 
SpiceNet $295, Schematic editor for 
ANY Spice program (Shown above). 
PreSpice $200, Extensive Model 
libraries, Monte Carlo analysis and 
Parameter Sweeping. 
INtuScope $250, interactive Spice 
graphics post processor. 


Special Educational Discounts, Student 
Versions, and Network Packages available 


30 Day Money Back Guarantee. 
Software is not copy protected. 


—a 


P.O. Box 6607 San Pedro, 
Ca. 90734-6607 


Tel. (213) 833-0710 jj oft Fax (213) 833-9658 


Mac is a registered trademark of Apple Computer. 
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When your application demands 
precision time, plug in Odetics’ new 
IRIG-B board-level processor. Compact 
single board packaging means 
significant savings in space, costs, 
power and installation time. 

Just plug it into your system bus 
and concentrate on system integration 
tasks leaving the timing to us. 

And we support most standard 
busses including PC AT/XT bus. Or 
Unibus, Q-bus, STD bus, Multibus 1. 
Odetics offers the widest range of bus 
compatible timing products available, 
for adding time code processing to 
existing computer systems. 

Video timing applications? Check 


out our video inserter’s unique ability to 
superimpose timing and other data onto 
your video signals, 

For further information, technical 
literature or a demonstration, talk to our 
experts in timing technology. 

And be sure to ask about our other 
products. We offer a GPS synchronized 
time and frequency system, a full line of 
rack mounted time code instrumentation 
and more. 


Precision Time Division 
1515 South Manchester Avenue 
Anaheim, California 92802-2907 
(714) 758-0400 Fax (714) 535-8532 
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Rust to Riches: The Coming of the Second 
Industrial Revolution. Rutledge, John, and 
Allen, Deborah, Harper & Row, New York, 


1989, 207 pp., $19.95. 
i | 


According to the 
RICHES 


authors of this book, 
“America’s business 

managers have been 

radically altering the [i --7eneyrtHT 
way they run their 
companies, quietly 
laying the foundation 
for a second revolu- 
tion... .This Renais- 
sance of American 
manufacturing will 
serve as the driving force that will bring a 
decade of prosperity without inflation and 
create tremendous investment opportunity 
for those who understand the process driv- 
ing the economy.” 

Most U.S. citizens are hoping that the 
authors are correct. 

Rust to Riches is about change in the 
U.S. economy, the foundation of which has 
already been laid. Its fundamental prem- 
ise is that during the decades preceding 
the mid-1980s, the U.S. economy saw great 
investment in everything except manufac- 
turing productivity. Because of inflation, 
rising tax rates, and expanding tax 
shelters, investment focused on hotels, of- 
fice buildings, and shopping centers, caus- 


Pes a 





ing what the authors call a “massive short- 
age of productive, usable industrial 
capital.” But by the mid-1980s, inflation 
had abated and the tax code was 
revamped, prompting a reevaluation of 
business investment. 

The authors also blame the massive, 
and much maligned, group of “Baby 
Boomers” for the lack of an adequate pool 
of savings and subsequent retarded invest- 
ment spending by business. This group, 
born between 1945 and 1964, have been 
spenders, not savers. But traditionally, the 
authors say, U.S. citizens do not become 
savers until their mid-forties; research 
shows that people spend more than they 
earn until their late-thirties, break even for 
a few years, and then in their mid-forties 
begin accumulating savings for retire- 
ment. As more and more Boomers move 
into this age of savings, more wealth will 
become available for investment. 

Thus, the savings rate in the United 
States, even with a swelling number of re- 
tired people, should rise during the next 30 
years. Rutledge and Allen are convinced 
that “this turnaround will begin as a trick- 
le of savings, but will become a flood by 
the year 2000, when the middle of the Baby 
Boom will be forty-five years old, and the 
oldest will be in their mid-fifties. Private 
savings generated by the Boomers, plus 
the huge surplus their tax payments will 





create in the Social Security trust fund 
while the Boomers work, will add trillions 
of dollars to domestic financial markets.” 

However, the authors fail to note that the 
savings rate of those Boomers currently in 
the 24-34 age group is lower than it was 
for the same age bracket 20 years ago. Ob- 
viously, behavior has changed. It should 
also be mentioned that Baby Boomers will 
finance their children through a longer 
education “career” because more of their 
offspring attend college and graduate 
school than did the Boomers. Compared 
to their parents, Baby Boomers are also 
spending more of their salaries in paying 
off debt: for houses, two cars, and so on. 
While many of their parents saved diligent- 
ly because their formative influences in- 
cluded the Great Depression and World 
War Il, Baby Boomers today have available 
to them more consumer goods than ever 
before, and they have learned to seek in- 
stant gratification. 

To be fair to Rutledge and Allen, howev- 
er, one must concede that Boomers are so 
numerous that their savings will increase 
and probably be invested much more 
productively than before, since investment 
dollars go much farther today. Moreover, 
the book is not concerned with what will 
happen when the Baby Boom generation 
reaches retirement age. The authors limit 
their outlook to the next three decades. 
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Conventional wisdom has it that the 
great trade deficit is the major problem 
with the U.S. economy. Rutledge and Allen 
emphatically disagree. They point out that 
foreign investment in the United States 
has been so strong mainly because higher 
rates of return are earned in the United 
States than in most foreign markets. The 
United States has been, and will continue 
to be, a good investment, they say. For ex- 
ample, in the 1980s, it created 15 million 
more jobs than did Europe, which has a 
larger population. 

The facts that the country is borrowing 
from abroad and that Europeans and Jap- 
anese are investing vigorously in the U.S. 
economy do not indicate that the United 
States is in trouble—far from it, in the 
authors’ view. They note that “in 1888 the 
United States was the world’s largest debt- 
or nation.” But by investing in manufactur- 
ing capacity—that is, by borrowing and 
wisely investing—the United States in the 
1880s, like Japan in the 1950s and 1960s 
and Korea in the 1970s, reaped major sur- 
pluses in due time. (In 1985, Korea was the 
world’s fourth-largest debtor nation.) 

As the authors put it, “the purpose of in- 
ternational borrowing is to increase our 
capital stock so that output, employment, 
and productivity can expand.” The recent 
growth in the U.S. balance of payments 
deficit is due not to runaway consumer 
spending, but to increased imports of cap- 
ital equipment and industrial supplies and 
materials, they argue. These items account 
for over 50 percent of the growth in the bal- 
ance of payments since 1980. 
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EasyPlot 


plotting for the 90s 


Lightning fast graphics, powerful data analysis. 
An indispensible tool for handling technical data. 


Call 1-800-833-1511 or write for your 


Free Working Demo 


Developed at MIT Lincoln Laboratory. Runs on PCs with EGA, 
VGA, or Hercules graphics. Mouse is optional. Price: $299. 


6 Perry St, Suite 2, Brookline, MA 02146 


(617) 739-1511, FAX: (617) 739-4836 


Overall, the book is persuasive and 
provocative, but there are annoying 
aspects. The chapter on warding off cor- 
porate takeovers, titled “How to Keep T. 
Boone Pickens Out of Your Company,” is 
an excellent example of the book’s 
strengths and weaknesses. Its introduc- 
tion reads like a lighthearted start of a 
training session, which seems out of place 
in a serious book. Nonetheless, much of 
the advice is sensible, relevant, and to the 
point. At times, though, the reader wish- 
es some of the authors’ conclusions were 
supported by hard facts. 

For example, they write that “private 
companies are run better than public com- 
panies. Not always but usually.” Yet, they 
admit that General Electric Co. is one of 
the best-managed organizations. No men- 
tion is made of the fact that most new busi- 
nesses (which are mostly private compa- 
nies) do not last five years. 

Another problem is that the authors con- 
centrate on businesses with heavy capi- 
tal equipment. What about service compa- 
nies or hospitals and medical organiza- 
tions? These major sectors of the U.S. 
economgy are ignored. Service firms tend 
to have very little heavy capital investment, 
while the medical companies are generally 
capital-intensive (but are not, strictly 
speaking, business entities). 

The authors often use analogies to 
demonstrate their points. Some are simple 
and elegant: they say buildings have vin- 
tages just like wines, for example. But too 
many of these analogies are over- 
simplified and too long, like one, pages 








SatSync™ is the affordable 
alternative for meeting your most 
complex timing requirements. 

SatSync is accurate to within 
100ns. worldwide, 24 hours a day 
and our disciplined oscillator 
guarantees accuracy whether or not 


rates as well as a variety of time 


long, that concerns capital formation and 
Lincoln Logs, the U.S. children’s toy. 

Rutledge and Allen are quite optimistic 
about the next few decades and even pre- 
dict that by 1995 the U.S. manufacturing 
economy will be booming. U.S. products 
will be selling well not only domestically 
but globally. They offer convincing argu- 
ments, and | hope they are right. 

The United States may be on the verge 
of winning back a great deal of the world’s 
markets. But even if it can quickly improve 
prices and quality, one wonders how long 
it will take to win back credibility for its 
products. That may take a lot longer. 

—Ronald G. Greenwood 


Ronald G. Greenwood is the F. James McDonald 
Distinguished Professor of Industrial Manage- 
ment at GMI Engineering & Management Insti- 
tute in Flint, Mich. He is the author, with Charles 
D. Wredge, of a book on Frederick Taylor, the fa- 
ther of scientific management, to be published 
next year. 
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Systemes Microprogrammés: Une In- 
troduction au Magiciel. Mange, Daniel, 
Presses Polytechniques Romandes, Lau- 
sanne, Switzerland, 1990, 400 pp., SFr. 64. 


Digital Satellite Communications-2nd 
Edition. Ha, Tri T., McGraw-Hill, New York, 
1990, 641 pp., $59.50. 
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codes and parallel BCD. 

Asa frequency source we offer the 
long term stability of cesium at only 
1/3 the cost. 

Call today to arrange your own 
personal demonstration. 


the satellites are in view. - 
Self calibrating and easy to use Ode 
SatSync can be configured as a th CS 
timing or frequency system. Precision Time Division 
Timing outputs include pulse 1515 South Manchester Avenue 


Anaheim, California 92802-2907 
(714) 758-0400 Fax (714) 535-8532 
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RS/1. BBN Software Products Corp. IBM 
PC and compatibles; 512K RAM and 20- 
Mbyte hard disk required, graphics card 
and mathematics coprocessor strongly 
recommended. $895. 

In these days of global markets that de- 
mand ever-higher quality and reliability, 
computer-integrated manufacturing (CIM) 
is arfiving in factories not only as massive 
changeovers but also piece by piece. Bar 
coding and automated part inspection, 
using machine vision, for example, may be 
added to existing systems as a first step 
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that could lead into CIM. 

BBN Software Products Corp.’s RS/1, 
combined with QCA (its associated 
quality-control statistical package), offers 
a suitable platform for slow and steady in- 
tegration of these kinds of CIM tools. | 
strongly recommend this system, with the 
stipulation that a trained manufacturing 
systems engineer must write the code and 
integrate the final program into the com- 
pany’s existing system. 

BBN calls RS/1 a “comprehensive data 
management, data analysis, and graphics 











HEX CHELLENCE 











Feed this to your PC 
and it'll think it’s an 
HPBASIC workstation. 


Finally, there’s a way for serious technical 
computer users to get the power and features of 
HP BASIC on a PC. The answer is HTBasic, a 


real engineering BASIC that turns your PC 
into an HP 9000 series 200/300 BASIC 
workstation—at a fraction of the 
cost, 

Like HP’s Rocky 
Mountain BASIC, HTBasic 
from TransEra is a state-of- 
the-art BASIC that gives you all 
the capabilities you need for complex 
engineering applications. Plus, you get 








important advanced features you won't find 
with any other PC BASIC. Like the complete set 
of HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The advanced 
1/0 Path system. And built-in matrix math. In fact, all the 
optional HP binaries are built in. There’s nothing else to load. You 

_ even get the full screen program editing and debugging 


environment. 

Discover the new oe 
solution for cost-effective HT Basic 
technical workstations. 

HTBasic from TransEra. R haiectnte: Ck Roe ESE 


HP HP BASIC and HPIB are registered trademarks of Hewlett-Packard. 


Tr2anSE rad 3707 North canyon Road, Provo, Utah 84604 * TEL: 801-224-6550 © FAX: 801-224-0355 
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tool for scientific, engineering, and 
manufacturing professionals.” If anything, 
the word comprehensive is an understate- 
ment: RS/1 is an operating system, a 
programming language, a graphics pack- 
age, and a statistical analyzer all in one. 
It provides an easy means of constructing 
engineering applications that incorporate 
multiple tasks: interfacing data acquisi- 
tion with voice recognition, perhaps. Ver- 
sion 4.2 also has the option of pull-down 
menus. 

By itself, RS/1 provided all the capabili- 
ties of an in-house system we had recent- 
ly designed to create, manipulate, and ana- 
lyze engineering and manufacturing data 
files for use in factory operations. 
Manipulating, storing, and transporting 
files, using interfaces to pre-existing 
spreadsheets and data bases, were all eas- 
ily accomplished from within RS/1. 

In contrast, our in-house system had re- 
quired us to build into it commercial 
quality-analysis, graphic presentation, and 
Pascal programming packages. Some of 
its presentations had to be done from out- 
put files produced by the quality- 
assurance package, others from fixed- 
format ASCII files. RS/1, on the other hand, 
met all of these needs in an integrated 
fashion. It handled ASCII files well, al- 
though empty fields sometimes caused 
problems. 

RS/1’s graphics capabilities extend to 
three dimensions, where up to 10 separate 
objects—including files and graphs—can 
be printed or plotted onto a page. Online 
help is provided for all functions. 

RS/1 comes on all of 18 diskettes (QCA 
adds another 3 diskettes), plus nine 
volumes of user manuals. As with many 
such packages, the user must identify the 
system configuration to the program. In- 
stallation was easy, although time con- 
suming. 

BBN offers two other noteworthy 
products: RS/Explore, for R&D, and RS/Dis- 
cover, for experimental design. So far, they 
are available only on workstations. But 
they, too, are likely to find their place as 
companies turn to desktop computers in 
the drive to make factories more efficient. 
Contact: BBN Software Products Corp., 10 
Fawcett St., Cambridge, Mass. 02238; 617- 
873-5000. —Richard Lee 


Richard Lee (M) is a project engineer at Philips 
Components, Slatersville, R.I., a division of 
North American Philips Corp. His research in- 
terests include industrial laser applications 
and optical-fiber communications. He tested 
RS/1 on an IBM PC AT with a 300-Mbyte hard 
disk, a mathematics coprocessor, a graphics 
processor, a frame grabber, and an in-house 
data acquisition board connected to remote 
sensors through optical fibers. 


Coordinator: Erin E. Murphy 


/EEE Spectrum selects software for review 
on the basis of potential interest to the en- 
gineering community. A review does not 
imply any form of endorsement or recom- 
mendation. The opinions expressed by 
reviewers are their own. 
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ATLAB has rapidly become an 
industry standard for engineer- 

ing and scientific research. Its unique 
interactive interface, algorithmic foun- 
dation, easy extensibility, and speed 
make MATLAB the software system of 
choice for high productivity and high 


| creativity research. 


Pee and solutions are expressed 
just as they are written mathemat- 


| ically — without the need for traditional 


programming. As a result, you can 
solve numerical problems in a fraction 
of the time required to write a program 
in Fortran, Basic, or C. Then plot the 
results as 2-D and 3-D graphics, with 
publication-quality output to plotters, 
dot-matrix printers, and laser printers. 





Amnon Aliphas, 
Personal Engineering & 
Instrumentation News 





dd to MATLAB your choice of tools 
for digital signal processing, 


| system identification, control system 





design, and more. MATLAB’s open- 
system design lets you see the algorithms 
and the implementations, even change 
them to suit your specific requirements. 


ATLAB is developed by The 

MathWorks, a leader in software 
for data analysis and mathematics. Our 
users— in thousands of companies and 
universities— know that MATLAB 
enables them to work more creatively 
and productively. Take a look at how 
MATLAB can do the same for you. 


MATLAB is a trademark of The MathWorks, Inc. Other product and brand names 
are trademarks or registered trademarks of their respective holders. 






Contour Plot of Penny Surface 





Frequency Response 






50’th order FIR filter designed using a Kaiser window 
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Charles Seiter, 
Macworld 











Over 300 Built-In Functions 


eigenvalues _ +1-D and 2-D FFTs *nonlinear optimization 
‘matrix arithmetic —_—« filtering * linear equation solving 
+ matrix decompositions + curve fitting + differential equations 

* convolution ‘cubic splines _* polynomial arithmetic 
*spectrum estimation  *Besselfunctions + descriptive statistics 
*complex arithmetic elliptic functions» 2-D and 3-D graphics 


Plus Toolboxes for: 


* digital signal processing _* control system design 
* parametric modelling * chemometric analysis, and more 


Richard Santalesa, 
IEEE Spectrum 





To find out more about MATLAB, call us at (508) 653-1415. 
Or simply return the completed coupon to the address below. 


Company 
Department 
Address 
City, State 





| 
| 
| 
| 
| 
| 
| Zip 
| 
| 
| 
| 
| 
| 


Country 
Telephone 
Computer(s) 
The 21 Eliot Street 
MATH South Natick, MA 01760 
WOR Phone: (508) 653-1415 
Inc. Fax: (508) 653-2997 
Be SP 7/90 
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Second IEEE Power Electronics Society Work- 
shop on Computers in Power Electronics (PEL); 
Aug. 6-7; Bucknell University, Lewisburg, Pa.; 
Thomas Sloane, Department of Electrical En- 
gineering, Bucknell University, Lewisburg, Pa. 
17837; 717-524-1269. 





International Conference on Systems Engineer- 
ing (AES); Aug. 9-11; Vista International Hotel, 
Pittsburgh; B. A. Shenoi, Department of Elec- 
trical Engineering, Wright State University, Day- 
ton, Ohio 45435; 513-873-3527. 


33rd Midwest Symposium on Circuits and Sys- 
tems (ASSP et al.); Aug. 12-14; Calgary Con- 
vention Centre, Canada; R.H. Johnston, 
Department of Electrical Engineering, Univer- 
sity of Calgary, 2500 University Dr., N.W., Cal- 
gary, Alta. T2N 1N4, Canada; 403-220-5003. 


16th International Conference on Very Large 
Databases (COMP); Aug. 13-16; Sheraton Bris- 
bane, Brisbane, Australia; Richie Research 
Laboratories, University of Queensland, St. 
Lucia, 04067, Australia; (61+7) 377 2911. 


Hot Chips Two (COMP); Aug. 20-21; Mayer's 
Theater, Santa Clara University, California; 
Hasan Alkatib, Department of Electrical En- 
gineering and Computer Science, Santa Clara 
University, Santa Clara, Calif. 95053; 408-554- 
4485. 


15th International Conference on Electric Con- 


tacts with 36th Holm Conference on Electrical 
Contacts (CHMT); Aug. 20-24; Le Grande 
Hotel, Montreal; Georgina Crane, IEEE, 445 
Hoes Lane, Box 1331, Piscataway, N.J. 08855; 
201-562-3863. 


International Symposium on Electromagnetic 
Compatibility (EMC); Aug. 21-23; Washington 
Hilton Hotel, Washington, D.C.; R.J. Mayer, 
Commerce Department, National Telecommu- 
nications and Information Administration, 14th 
and Constitution Ave., N.W., Rm. 4096, 
Washington, D.C. 20230; 202-377-1138. 


International Conference on Solid State Devices 
and Materials (ED); Aug. 22-24; Hotel Sendai 
Plaza, Sendai, Japan; Kazuo Tsubouchi, Re- 
search Institute of Electrical Communications, 
Tohoku University, Sendai 980, Japan; (81+022) 
227 6200, ext. 2836. 


The East Coast Conference on Biomechanics 
(EMB); Aug. 26-28; New York College of Os- 
teopathic Medicine, Old Westbury, N.Y.; H.S. 
Ranu, Department of Biomechanics, New York 
College of Osteopathic Medicine, New York In- 
stitute of Technology, Old Westbury, N.Y. 11568; 
516-626-6926. 


International Symposium on Signal Processing 
and Its Applications (Queensland); Aug. 27- 
30; Conrad International Hotel, Broadbeach, 
Australia; B. Boashash, Crisssp, Department 
of Electrical Engineering, University of Queens- 
land, St. Lucia, Australia 4067; (61+7) 
377 3237. 


Seventh International Conference on Elec- 


tromagnetic Compatibility (UKRI Section); 
Aug. 28-31; University of York, England; Louise 
Bousfield, IEE Conference Services, Savoy 
Place, London WC2R OBL, England; (44+1) 
240 1871. 





SEPTEMBER 


International Telecommunications Conference- 
ITS ‘90 (COM); Sept. 3-6; Rio de Janeiro, Bra- 
zil; Jose Roberto Boisson de Marca, Cetuc-Puc/ 
Rio, Rua Marques de S. Vincente 225, 22453 
Rio de Janeiro, RJ, Brazil; (55+21) 529 9450. 


Close-Range Photogrammetry Meets Machine 
Vision (COMP); Sept. 3-7; Zurich; Horst Beyer, 
Institute of Geodesy and Photogrammetry 
Meets Machine Vision, Eth-Hoenggerberg, 
CH-8093, Zurich, Switzerland; (41+1) 377 3051. 


First European Working Conference on VHDL 
Methods (COMP); Sept. 4-7; Institute Méditer- 
ranean de Technologie, Marseille, France; Petra 
Michel, Siemens AG, Department AFE Iseal, 
Otto Hahn Ring 6, Munich 83, West Germany. 


International Conference on Application Specif- 
ic Array Processors (COMP); Sept. 5-7; Prince- 
ton University, New Jersey; S.J. Kung, Depart- 
ment of Electrical Engineers, Princeton 
University, Princeton, N.J. 08544; 213-812-0790. 


International Test Conference (COMP); Sept. 
9-13; Sheraton Washington Hotel, Washing- 
ton, D.C.; Doris Thomas, ITC, Box 264, Mount 
Freedom, N.J. 07970; 201-895-5260. 
(Continued on p. 14F) 





“THIS STUNNING PACKAGE EXCELS AT 


SCIENTIFIC AND TECHNICAL GRAPHICS,” 9 


-INFOWORLD 
January 8, 1990 











SigmaPlot™ 4.0. 
The world's finest PC software for the produc- 
tion of publication-quality scientific’ charts and 
graphs...on your own IBM? or compatible 
personal computer. 


Used by over 20,000 scientists 
SigmaPlot is the software of choice worldwide 
for creating graphics for scientific papers and 
poster sessions. It was selected “Editor’s Choice” 
by PC Magazine for its outstanding output. And 
INFOWORLD recently galled Version 4.0 “the 
best graphics package for the complex technical 
graphs wanted by most scientists and engineers.” 


14B 





Designed by scientists for scientists. 

e Easy-to-use pull-down menu interface 

¢ Direct data input from Lotus 123° and ASCII files 

¢ Automatic error-bars, confidence intervals and 
quality-control lines 

¢ Wide range of specialized scales and graphs 

¢ Outstanding page layout control 

¢ Sophisticated non-linear curve fitting 

¢ Full mathematical transform language 

¢ Huge data worksheet 

¢ Export graphs into WordPerfect® 5.0, 
Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

¢ Extremely high-quality output 
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Affordable and fully supported. 
SigmaPlot 4.0 is well within reach of any 
research facility. And, like all Jandel products, 
SigmaPlot 4.0 comes with a money-back 
guarantee and the full technical support of 
Jandel’s experts. Call today for a FREE brochure: 
1-800-874-+1888 (inside CA 415-924-8640). 


65 Koch Road 

Corte Madera, CA 94925 

FAX: 415-924-2850 # TELEX: 4931977 
S CleEN T 1 1 C} InEurope: RAHandels GmbH 
Microcomputer Tools for the Scientist Grosser Miihlenweg 14A, 4044 Kaarst 2, FRG 

Phone: 2101/666268 # FAX: 2101/6432] 
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Interactive Animation for Airplane Bombing Run 


Tax 


TAKE CONTROL WITH MATRIXx. 


Only one family of products offers a streamlined software environ- 
ment for each phase of control system development — the ISI Product 
Family. For aerospace, automotive, computer peripherals, industrial 
control, and material processing. 


Build a complex graphical system model. Analyze the system and 
design a controller. Run real-time animated simulations. Plot the 
results. Refine the design. Generate real-time Fortran, C, or Ada code. 
Download it into a target proces- 
sor. Run it in real-time. All with 


one family of software products. Analysis and Design 


MATRIX,°: 

+ Engineering and mathematical analysis 
+ Programming 

* Comprehensive 2- and 3-D graphics 
Expansion Modules: 

* Control Design 

+ Robust Control 

+ Optimization 

+ Digital Signal Processing 

+ System Identification 


> Solve arithmetic and engi- 
neering problems without 
programming in Fortran or C. 

> Design multivariable engine 
controllers faster. 

> Optimize controllers for non- 
linear robotics applications. 

> Model and simulate compli- 
cated nonlinear braking 
systems for antilock brake 
control. 


> Create innovative satellite 


Modeling and Simulation 

System Build™: 

+ Mouse-driven graphical modeling 

* Nonlinear, hybrid, multi-rate, and event- 
driven simulation 


attitude controllers using the latest robust design techniques. 

> Simulate aircraft and missile guidance systems before expensive 
hardware testing. 

> Prototype systems in hours — not months. 


MATRIX«x is the least expensive engineering analysis product avail- 
able today. 


Engineering professionals 
worldwide continue to rely on 
ISI’s products to streamline con- 
trol system design. Now it’s your 
turn. Call 408-980-1500 for infor- 
mation, a complete set of Data 
Sheets, or the phone number of 
your nearest sales representative. 


* 75+ engineering blocks 

* 6 integration algorithms 
Expansion Modules: 

+ Interactive Animation 

+ Remote Simulation 

+ Simulation Accelerator 

+ Automatic Documentation 
+ Project Database 


Real-Time Code Generation int egr ate d 

AutoCode™: systems inc 

+ Automatic Code Generation in Ada, C, or ys’ Fi 
Fortran 


Implementation and Testing 
AC-100™: 

+ Real-time multi-processor system 
* ‘‘Hardware-in-the-loop’’ control 


2500 Mission College Blvd. 
Santa Clara, California 95054 
Tel: (408) 980-1500 
Fax: #408-980-0400 


DESIGN * SIMULATION * CODE GENERATION * IMPLEMENTATION 


© Copyright 1989 Integrated Systems Inc. All rights reserved. MATRIX, is registered and SystemBuild, AutoCode, and AC-100 are trademarks of Integrated Systems Inc. 
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The IBM RISC System / 


Designing on any other workstation 





Whatever you're creating, you'll sail into a whole 
new age with any of the four POWERstations in the 
RISC System/6000 o” 
family. Because . 

POWER (Perform- 
ance Optimization 
With Enhanced RISC) 
processing can give 
you performance 

you ve probably only 
dreamed about: 


up to four instructions per machine cycle, 42 MIPS 
and 13 MFLOPS. Suddenly, complex designs don’t 
take eons anymore. 

The four RISC System/6000 POW ERstations 
feature a range of graphics processors from grayscale 
to Supergraphics to satisfy any graphics demand. 

Great news for Power Seekers working on animation, 
scientific visualization, medical imaging and engi- 
neering solutions like CADAM? CAEDS” and CATIA*™ 
And for electrical design automation, there's IBM’ 


all new CBDS”™ and an arsenal of over 60 EDA appli- 


IBMis a registered trademark and RISC System/6000 and CAEDS are trademarks of International Business Machines Corporation. CADAM is a trademark of CADAM INC. CATIA is a 


trademark of Dassault Systemes. CBDS is a trademark of Bell Northern Research Corporation. 
HAGAR THE HORRIBLE Character(s) © 1990 King Features Syndicate, Inc. © IBM Corp. 1990, all rights reserved. 


6000 family. 


will seem downright primitive. 


ve 


CS, SF GZ; 








cations from more than a dozen vendors. 
With every POWERstation, you can get an almost 
unimaginable palette of 16 million colors, which gives 


you 3D images so realistic, they fairly leap off the 


screen, with super sharp resolution of 1,280x1,024 pixels. 


And when it’ time to call in the heavy artillery, the 
POWERstation 730 draws nearly one million 3D vec- 
tors per second. Like all POWERstations, it can come 
complete with its own graphics processor, freeing the 
POWER processor to rapidly create and analyze your 
designs. All at prices that won’t sink anybody’ budget. 


For the Power Seeker. 


Dik BRowNne 


So if you're tired of paddling upstream with 
yesterday’ performance, call your IBM marketing 
representative or 
Business Partner to 
find out more about 
the RISC System/6000 
family. For literature, 
call 1 800 IBM-6676, 
ext. 99]. 

Civilization never 


looked so good. 





GRAPHICS 


Shadow-Contour Plot of a 3-D Surface 


GRAFTOOL can easily produce 3-D and 2-D 
surface-contours from your Lotus 1-2-3, 
Excel, or ASCII files. Zoom in, rotate, and 
resize any object in three dimensions! A built- 
in scientific spreadsheet provides advanced 
functions and formulas for data analysis. 


From pie charts to histograms, Smith charts 
to polar plots, GRAFTOOL is a “full-func- 
tion” presentation graphics tool every scientist 
and engineer should have. 


THINKING 
WO 


“GRAFTOOL has the potential 
to be the ultimate graphics 
package, fulfilling everybody’s 
needs.” 

— Ehud Kaplan 
PC Magazine * 


GRAFTOOL 


Graphical Analysis Systems by: 


| 3-D VISIONS 
ror. 412 S. Pacific Coast Hwy. Suite 201 
Redondo Beach, CA 90277 
GRAFTOOL $495/Interactive demo available 
To order call: 1-213-540-8818 
or 1-800-SAY GRAF Toll-free. 


GRAFTOOL is a trademark of 3-D Visions Corp. Lotus 1-2-3 isa 
trademark of Lotus Development Corp. Excel is a trademark of 
Microsoft Corp. 





*Reprinted with permission from PC Magazine, March 14th, 
Copyright 1989 Ziff Communications Co. 
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12th Semiconductor Laser Conference (IEEE/ 
LEO); Sept. 9-15; Congress Center, Davos, 
Switzerland; Hans Melchior, Institute for Quan- 
tum Electronics, Swiss Federal Institute of Tech- 
nology, Ch-8093, Zurich, Switzerland; (41+1) 
377 2101. 


Managing Expert System Programs/ Projects 
(COMP); Sept. 10-12; Washington, D.C.; IEEE 
Computer Society, Conference Services, 1730 
Massachusetts Ave., N.W., Washington, D.C. 
20036; 202-371-0101. 


Petroleum and Chemical Industry Technical 
Conference (IA); Sept. 10-12; Westin Galleria 
Hotel, Houston, Texas; J. R. Zahn, Reliance 
Electric Co., 340 N. Belt East, Suite 199, Hous- 
ton, Texas 77060; 713-931-8100. 


10th International Conference on Conduction 
and Breakdown in Dielectric Liquids (DEI); 
Sept. 10-14; Grenoble, France; R. Tobazeon, 
C.N.R.S.-L.E.M.D., 25 Ave. des Martyrs-166 X, 
38042 Grenoble Cedex, France; (33+7) 
688 1071. 


Midcon ‘90 (Region 4 et al.); Sept. 11-13; Dal- 
las Convention Center, Dallas; Electronic Con- 
ventions Management, 8110 Airport Blvd., Los 
Angeles, Calif. 90045; 213-772-2965. 


12th Annual Electrical Overstress and Elec- 
trostatic Discharge Symposium (CHMT et al.); 
Sept. 11-13; Buena Vista Palace, Orlando, Fla.; 
Ted Dangelmayer, 4 Timberland Rd., Plaistow, 
N.H. 03865; 508-960-5272. 


International Professional Communication Con- 
ference (PC); Sept. 12-14; The Post House 
Hotel, Guildford, England; John B. Moffett, 
The Johns Hopkins University, Applied Phys- 
ics Laboratory, Building 4, Room 379, Johns 
Hopkins Road, Laurel, Md. 20707; 301-953- 
5000, ext. 8260. 


International Conference on Computer Design: 
VLSI in Computers and Processors-ICCD '90 
(COMP); Sept. 16-19; Hyatt Regency Cam- 
bridge, Cambridge, Mass.; Edward M. Midd- 
lesworth, Hewlett-Packard Co., Building 250, 
Box 10350, Palo Alto, Calif. 94303; 415-857- 
5485. 


16th European Conference on Optical Commu- 
nication (LEO); Sept. 16-20; International Con- 
gress Centre RAI, Amsterdam, the Nether- 
lands; B. H. Berbeek, Philips Research Labora- 
tories, Box 80.000, 5600JA Eindhoven, The 
Netherlands; (31+40) 743 240. 


Bipolar Circuits and Technology Meeting (CAS 
et al.); Sept. 17-18; Marriott City Center Hotel, 
Minneapolis, Minn.; Jan Jopke, 6611 Country- 
side Dr., Eden Prairie, Minn. 55346; 612-934- 
5082. 


Autotestcon ‘90 (AES et al.); Sept. 17-21; San 
Antonio Convention Center, Texas; Bob Her- 
shey, SA-ALC/SCC, Kelly Air Force Base, San 
Antonio, Texas 78241; 512-925-7313. 


ASIC Seminar and Exhibit (Rochester Section, 
COMP); Sept. 17-21; Rochester Riverside Con- 
vention Center, Rochester, N.Y.; Kenneth Hsu, 
Department of Computer Engineering, Roch- 

(Continued on p. 14H) 











DISPRO 


Digital Filter 
Design and 
Simulation 


for the IBM PC and compatibles 





Greater capability for those critical designs 





= Standard IIR and FIR filter types 

® Arbitrary magnitude FIR 

= Extensive graphics 

® IIR filter simulation in fixed 
and floating point 


= Test signal generation 
® FFT spectral analysis 
= Supports all DSP chips 
= Economical version for 
floating-point DSP chips 
Call for a free sample diskette 


DISPRO, the standard in digital filter 
design software since 1983 


() SIGNIX 


CORPORATION 
19 Pelham Island Road, Wayland, MA 01778 


(508) 358-5955 


® DISPRO is a registered trademark of the Signix Corp. 
IBM is a registered trademark of International Business Machines Corp. 
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FILTER DESIGN - 
FDAS1, FDAS2 and 
MacFilter™ 


Digital filter design 
software for IBM and 
Macintosh™ 


IIR and FIR designs 
Parks McClellan Equiripple 
Transfer function analysis 
Coefficient quantization 
Menu driven, Easy to use 
CODE GENERATORS 
° AT&T, Analog Devices 


Motorola, 
Texas Instruments 


HARDWARE 


° Development boards for 
Motorola 56000, AT&T 
DSP32C, Tl TMS320 series 


DEVELOPMENT TOOLS 


° Debuggers 
Assemblers/simulators 
Free demos upon request 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE # 108 
COSTA MESA, CA 92626 
PHONE: (714) 557-6884 
FAX: (714) 557-6969 


Macintosh is a registered trademark of Apple Computer Inc.. 
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One step fits 


your X-Y data. 
Automatically. 
In less than 
7 seconds.* 


With TableCurve™ finding the best formula to 
fit your data couldn't be simpler...or faster. 


® Flexible Data Input — input from Lotus™ 
dBase’, ASCII and many other file 
formats, or manually from the keyboard. 


= Data Manipulation — smooth data, 
weight data, or apply standard math 
calculations. 


= Curve Fitting — 221 candidate equations 


sine, and user-defined—ranked by best fit 
and interactively displayed. 


Free brochure 

In CA 
FAX: 415-924-2850 / Telex: 4931977 
ie In Europe: R.J.A. Handels GmbH, Germany 





Ph: 2101/666268 FAX: 2101/64321 


TableCurve’ 


221 equations to , 


including Gaussian, log-normal, sigmoidal, 








= Speed* — an 8MHz PC AT, with math 
coprocessor, will process 221 equations 
(50 data points) in 6.8 seconds. 
More powerful systems are much faster. 
= Output — supports most dot-matrix 
and LaserJet™ printers. Output directly 
to SigmaPlot 4.0", Lotus, ASCII, and 
other formats. 
= Quality Interface — pull down menus, 
mouse support and more. 
To find out more about TableCurve or other 
scientific and engineering software from 
Jandel, just give us a call. 


“Microcomputer Tools 
an e for the Scientist” 


= 65 Koch Road m» Corte Madera, CA 94925 
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Automatic optimization adjusts selected component 
values of your topology to make its response fit your 
arbitrary target curves in magnitude, phase, Zin, Zou 
or any combination. Multiple passes allow standard 
value capacitors in precision filters or other networks, 





COMTRAN® is fast. Each plot here was generated 
on screen in 6 seconds. Optimization took less than 
3 minutes using a 25 MHz 386/387 (or an HP 310). 

COMTRAN® is an interactive, intuitive AC circuit 
analysis program that handles component entry, 
editing, analysis, optimization, and user scaled 
Linear/Log graphics in one program. 

COMTRAN®’s tolerance mode graphically shows 
the effect of real world components. /mpedance 
mode plots impedance at ANY node in your circuit. 





Response tS 

H 

| TUTTE 
E 18 


VOLTAGE GRIN MAGNITUDE (dB) 





3456769188 2 3 456789 
FREQUENCY (Hz) 


Actual Plotted Output of COMTRAN (Reduced Size) 





COMTRAN® can create, capture and analyze time 
domain data, then use it to stimulate your circuit and 
plot the result in either time or frequency domain. 

COMTRAN® has over 10 years of field experience on 
HP computers. Now it runs on 386™ machines, too. 
And it still drives HPGL plotters. 

COMTRAN® is modular-buy only what you need 
today. Ready-to-use packages start at under $1000, 


Integrated Software 






A Division of Jensen Transformers, Inc. 
10735 BURBANK BOULEVARD, N. HOLLYWOOD, CA 91601 
FAX (818) 763-4574 PHONE (213) 876-0059 


COMTRAN is a registered trademark of Jensen Transformers, Inc. 386 is a trademark of Intel Corporation. 
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(Continued from p. 14F) 
ester Institute of Technology, Rochester, N.Y. 
14623; 716-475-2655. 


Electronic Publishing ‘90 (COMP); Sept. 18- 
20; Potomac Sheraton, Gaithersburg, Md.; 
Peter R. King, Department of Computer 
Science, University of Manitoba, Winnipeg, 
Man. R3T 2N2, Canada; 204-474-9935. 


40th Annual Broadcast Symposium (BT); Sept. 
20-21; Washington Hotel, Washington, D.C.; 
Otto R. Claus, WBAL-TV, 3800 Hooper Ave., 
Baltimore, Md. 21211; 301-338-6455. 


International Broadcasting Convention (Region 
8 et al.); Sept. 21-25; Brighton, England; IBC 
Secretariat, Institution of Electrical Engineers, 
Savoy Place, London WC2R OBL, England; 
(44+1) 240 1871. 


Sixth International Symposium on Gaseous 
Dielectrics (DEI, PE); Sept. 23-27; Hyatt 
Regency, Knoxville, Tenn.; D. L. McCorkle, Oak 
Ridge National Laboratory, Building 4500S, MS 
6122, Box 2008, Oak Ridge, Tenn. 37831; 615- 
574-6199. 


Oceans '90 (OE); Sept. 24-26; Washington 
Convention Center, Washington, D.C.; Antho- 
ny Eller, Science Applications International 
Corp., 1710 Goodridge Dr., Box 1303, McLean, 
Va. 22102; 703-734-5880. 


Region 10 Conference on Computer and Com- 
munication Systems-Tencon ‘90 (Region 10 et 
al.); Sept. 24-27; Hong Kong Convention Cen- 
ter, Hong Kong; P. S. Chung, Department of 
Electronics, Chinese University-Hong Kong, 
Shatin, N.T. Hong Kong; (85+90) 695 2699. 


Computational Intelligence ‘90 (COMP et al.); 
Sept. 27-29; University of Milan, Milan, Italy; 
Giorgio Valle, University of Milan, Dip. Scienze 
della Informazione, via Noretto 20133, Milan, 
Italy. 


Military Communications Conference-Milcom 
‘90 (COM); Sept. 30-Oct. 3; Hyatt Regency 
Monterey, Monterey, Calif.; T. A. Goncharoff, 
0/62-42, B/076, Lockheed Missiles & Space 
Co., Box 3504, Sunnyvale, Calif. 94088; 408- 
756-5630. 


Latincon '90 (Mexico, Region 9); Sept. 30-Oct. 
4; Monterrey, Mexico; J.L. Apodaca, CFE- 
Ave., Universidad 2400 Nte., Monterrey, N.L. 
64000, Mexico; (52+83) 74 13 13; fax, (52+83) 
74 11 55. 





OCTOBER 


Eurosensors IV ‘90 (West German Section); 
Oct. 1-3; Kongresszentrum, Karlsruhe, West 
Germany; P. Stilke, VDE Zentralstelle Tagun- 
gen, Stresemannallee 15, D-6000 Frankfurt/ 
Main 70, West Germany; (06+9) 630 8202. 





Ninth CHMT International Electronic Manufac- 
turing Technology Symposium (CHMT); Oct.. 
1-3; Ramada Renaissance Hotel, Washington, 
D.C.; Bill Moody, 2529 Eaton Rd., Wilmington, 
Del. 19810; 302-478-4143. 


International Conference on Information 
Technology-Info Japan ‘90 (COMP et al.); Oct. 


(Continued on p. 14L) 
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STRATEGY ' 
FOR WORLD 
TECHNOLOGY 
MARKETS. 


SPECTRUM magazine publishes, monthly, two highly efficient geographic 
advertising editions that deliver unprecedented technology market opportunities 
around the world— SPECTRUM INTERNATIONAL and EUROPLUS. 

For over 25 years, SPECTRUM has been a recognized, highly respected international 
magazine. Reporting on cutting-edge technology to its knowledgeable audience of engineering and scientific professionals. 
Creating an award-winning editorial environment and technical coverage unmatched by any other magazine. 

Over 95% of our subscribers are nationals of the 130 countries they reside in. They're influential, technically attuned 
professionals with strong representation at leading companies, educational and research institutions and government facilities. 
And they're all paid subscribers! 

Reach the key high technology markets with EUROPLUS:’ 

SPECTRUM's new EUROPLUS geographic edition is a most effective way to support a strong marketing position with 
high level, influential penetration of Europe's fast growing technology marketplace. 

You'll reach more than 61,000 technically-sophisticated executives and professionals in 73 countries. It’s the largest 
single concentration of engineers/scientists and technical managers in Europe, the Near East, and Africa. The perfect answer 
for building product awareness and gaining advance access to the markets of 1992. 

Strengthen your worldwide market presence with the INTERNATIONAL Edition. 

Our international subscribers represent the fastest growing segment of SPECTRUM's circulation. The INTERNATIONAL 
edition delivers more than 112,000 readers. You'll reach an audience that’s 100% engineers, scientists and technology 
managers in key positions in industry, government and education. The prime movers who make the high technology decisions 
that matter for their companies. 

SPECTRUM INTERNATIONAL and EUROPLUS reflect our ongoing commitment to our subscribers. Delivering the same 
essential, informative, worldclass editorial that is found in all editions of SPECTRUM. ee 

Find out about the unparalleled high technology coverage, targeted market: 
ing opportunities, and cost-efficient rates that are making these editions the SPHCTRUM 
leading choice of so many international marketers. Contact your IEEESPECTRUM M A G A Z | N € 
Magazine representative today. Published by The Institute of Electrical and Electronics Engineers, Inc. 








New York Atlanta Boston Chicago Dallas Philadelphia Los Angeles San Francisco London Tokyo 
(212) 705-7760 (404) 256-3800 (508) 896-5930 (708) 446-1444 (214) 991-8799 (215) 368-8232 (213) 649-3800 (415) 541-0377 01-584-8588/6588 (03) 546-2231 
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It's not easy heing top log, 


Sometimes it's harder to stay out front than it is 

to get there. That's why you need a CAE environment 
designed to keep the competition where it belongs. 
Behind you. 

Presenting Ctrl-C and Model C. Ctrl-C is the 
interactive command-driven language for classical 
and modern control design and analysis, signal 
processing, system identification and optimization, 
and engineering graphics. Model-C is the block 


diagram modeling and simulation program for work- 


station environments. It simplifies all phases of 
systems engineering, on projects ranging from 


chemical process modeling to underwater propulsion. 
Features include hierarchical model construction 

for mixed continuous and discrete systems, lineariza- 
tion, and automatic code generation. 

Ctrl-C and Model C from Systems Control 
Technology, Inc. When you want your project to fly, 
there's no better way to get it off the ground. 

For more information contact the CAE Systems 
Sales Department at 800-227-1910, telex 176451 SYSTEC 
PLA, fax 415-496-6595, or write to 2300 
Geng Road, Palo Alto, California 94303. 

CAE Systems is a division of SCT, Inc. 











Ctrl-C available for 386 PCs, Sun, Apollo and DEC workstations, DEC mainframes and Convex. Mac versions available soon. Model-C available for VAX and Sun 3 workstations. SPARCstation, DECstation and Mac version coming soon. CtriC® and Model-C™are trademarks of Systems Control Technology. 
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1-5; Keio Plaza Intercontinental, Tokyo; Taku- 
ma Yamamoto, Fujitsu Ltd., 3-14-1 Hiyoshi, 
Kohoku-ku, Yokohamashi, Japan. 


Sixth International Conference on the Applica- 
tion of Standards for OSI (COMP); Oct. 2-4; 
Gaithersburg, Md.; Joan Wyrwa, NIST/OST, 
Room B217, Building 225, Gaithersburg, Md. 
20899; 301-975-3643. 


International Conference on Harmonics in 
Power Systems (PES); Oct. 4-6; Budapest 
Technical University, Hungary; Andras M. Dan, 
Department of Power Systems, Budapest Tech- 
nical Institute, 1111 Budapest, Egry Jozsef u. 
18, Hungary; (36+1) 666 438. 


Workshop on Visual Languages (COMP); Oct. 
4-6; North Short Hilton, Skokie, Ill.; Stefano 
Levialdi, Department of Mathematics, Univer- 
sity of Rome, Piazzale Aldo Moro 2, 00185, 
Rome, Italy. 


Sections Congress '90: Optimizing Connections 
in the IEEE Family (IEEE Regional Activities 
Board); Oct. 5-7; Royal York Hotel, Toronto; 
T.H. Burns, Field Services, IEEE Service Cen- 
ter, 445 Hoes Lane, Box 1331, Piscataway, N.J. 
08855-1331; 201-562-5514; fax, 201-981-0027. 


Industry Applications Society Annual Meeting 
(IA); Oct. 7-12; Westin Hotel, Seattle, Wash.; 
Richard W. Becker, Engineered Electrical Sys- 
tems Inc., 201 J.S. Ditty Building, Bellevue, 


Wash. 98004; 206-454-5440. 


Capacitor and Resistor Technology Sympos- 
ium-CARTS-Europe ‘90 (CHMT); Oct. 8-10; 
The Pullman Hotel, Bordeaux, France; Jack 
Westwood, CARTS-Europe, 50 Wiltshire 
Gardens, Bransgore, Christchurch BH23 8BJ, 
England; (44+4) 257 3578. 


Frontiers ‘90 (COMP, NASA); Oct. 8-10; Univer- 
sity of Maryland, College Park; Johanna Wein- 
stein, UMIACS, University of Maryland, A.V. 
Williams Building, College Park, Md. 20742; 
301-454-1808. 


Future Trends ‘90, Workshop on Future Trends 
of Distributed Computing Systems (COMP); 
Oct. 8-10; Cairo, Egypt; Stephen Yau, Univer- 
sity of Florida, CIS Department, 301 CSE, 
Gainesville, Fla. 32611; 904-335-8006. 


Northcon ‘90 (Portland, Seattle Sections); Oct. 
9-11; Seattle Center, Seattle, Wash.; Alexes 
Razevich, Electronic Conventions Manage- 
ment, 8110 Airport Blvd., Los Angeles, Calif. 
90045; 213-772-2965. 


Ninth Symposium on Reliable Distributed 
Systems-SRDS (COMP et al.); Oct. 9-12; 
Huntsville Marriott, Huntsville, Ala.; Raif M. 
Yanney, Trio, 1 Space Park DH2/2328, Redon- 
do Beach, Calif. 90278; 213-764-6033. 


International Carnahan Conference on Securi- 
ty Technology (AES, Lexington Section); Oct. 
10-12; Carnahan Conference Center, Universi- 
ty of Kentucky, Lexington; L. McGill, Box 
23961, Lexington, Ky. 40523; 606-223-8580. 


NEW — MATRIX, and CONTROL,, 
Affordable Math Tools for Workstations 


In the spirit of recently introduced $5,000 workstations, ISI is proud 
to announce two new cost-effective mathematic and controls 


toolkits - MATRIX,,™ and CONTROL,,™. They are the most 
affordable mathematical and graphics tools available on DEC, Sun 
(including SPARCstations), and Apollo workstations. 





Fifth Workshop on Spectrum Estimation and 
Modeling (ASSP); Oct. 10-12; The Lodge at 
Woodcliff, Rochester, N.Y.; M. R. Raghuveer, 
Rochester Institute of Technology, Department 
of Electrical Engineering, 1 Lamb Memorial 
Drive, Box 9887, Rochester, N.Y. 14623; 716- 
475-2185. 


Gallium Arsenide Integrated Circuits Symposi- 
um (ED, MTT); Oct. 21-24; Hyatt Regency 
Hotel, Atlanta, Ga.; Kenneth J. Sleger, Naval 
Research Laboratory, Code 6852, Washington, 
D.C. 20375; 202-767-3894. 


International Telecommunications Energy Con- 
ference-Intelec ‘90 (COM); Oct. 21-24; Orlan- 
do, Fla.; Jim Fletcher, 41 Robbins Ave., Berke- 
ley Heights, N.J. 07922; 201-464-7919. 


Joint Power Generation Conference-JPGC ’90 
(PE et al.); Oct. 21-25; Park Plaza Hotel, Bos- 
ton; Marisa Scalice, American Society of 
Mechanical Engineers, 345 E. 47th St., New 
York, N.Y. 10017; 212-705-7053. 


Conference on Electromagnetic Field 
Computation-CEFC ’90 (Region 7); Oct. 22- 
24; Westbury Hotel, Toronto; M. Thompsett, 
Faculty of Applied Science, University of Toron- 
to, Toronto, Ont. M5S 1A4, Canada; 416-978- 
6528. 


International Engineering Management 
Conference-EM ‘90 (CHMT, EM); Oct. 22-24; 
Marriott Hotel, Santa Clara, Calif.; Judith Baar, 
620 Abbie Court, Pleasanton, Calif. 94566; 
415-484-4745. 

(Continued on p. 50F) 


SPORTS EQUIPMENT 


DESIGN CONTEST 
Sponsored By 


Sports Equipment Technology 


MATRIX, — Engineering 

analysis & advanced plotting 

tw NEW Low Price: $1,495 

@ Includes enhanced version of 
MATRIX,® 2.0 


m Numeric computation with- 
out programming 

t Combines the capabilities of 
LINPACK & EISPACK 

@ Extensive 2- and 3-D graphics 
with postscript output 

w And includes the Digital Sig- 
nal Processing Module 





CONTROL,, — Linear analy- 

sis package for classical and 

modern controls design. 

m NEW Low Price: $2,995 

w Includes MATRIX,, and the 
Control Design Module 

m Complete classical and mod- 
ern controls tools 

m Interactive root-locus 

@ Frequency and time domain 
analysis 

m State-space, transfer function 
representations 


p> b » For Both MATRIX,, and CONTROL,, 


@ Special sixty day money-back guarantee. 

@ Fully supported by ISI Customer Support 

mw Upgradable with advanced control design functions: Robust 
Control, Optimization and SystemBuild™ 


Call (408) 980-1590 Ext. 450 for more details 


== inc. 
2500 Mission College Blvd. ¢ Santa Clara, CA 95054 e Fax: (408) 980-0400 


Prices good in U.S. only. MATRIX, is a registered trademark and SystemBuild, MATRIX,,, and CONTROL, are trademarks of 


Integrated Systems, Inc. 
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Committee of the 
United States Olympic Committee 


Undergraduate students attending a four or five- 
year college or university are eligibile to compete 
in a design contest for sports equipment relevant 
to Olympic sports. A distinguished panel will 
choose the five finalists who will make presenta- 
tions at a symposium to be held at the Olympic 
Training Center in Colorado Springs. 


For an application packet write to: 
Ms. Pam Tarpy 
U.S. Olympic Committee 
Program Coordinator 
Sports Science Program 
1750 East Boulder St. 
Colorado Springs, CO 80909 
(719) 578-4590 


Applications will be accepted through September 30, 1990. 
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O'AO =D 
& = fit x) Ax=b 


The Solution To Your 
Ada Numerical Problems 


b 
S(h(t)) = Hw) A=| fat 


When solving real world scientific and The Math Pack library comes with excellent 
engineering problems in Ada, you need quality documentation, on-line help, telephone support and 
Ada tools that allow you to concentrate on the upgrade services. Math Pack is currently available 


problem, not the tools. MassTech introduces a for the VAX/VMS and SUN/UNIX environments, and 
powerful Ada tool - Math Pack™ which provides __ will soon be available for other CPU/OS 

extensive numerical resources once exclusively in environments. 

Fortran’s domain. Math Pack provides 330 

reliable, accurate, and reusable mathematical Masstech libraries are offered under annual or 
subprograms in 19 generic Ada packages. These paid-up licenses. All MassTech libraries are sold in 
subprograms provide solutions toa broad range _— source code form allowing easy integration and 

of mathematical problems including linear reusability in your software systems. 

systems, eigensystems, differential equations, 

integration, interpolation, transforms, special 


functions, elementary functions, basic linear Meat Nt eee 
algebra, random numbers, probability, and ; Write MassTech, Inc. at 

Statistics. In addition, there are packages defining | 3108 Hillsboro Rd * Huntsville * Alabama * 35805 

data types, numerical, physical and chemical ; for more information on the MassTech Ada libraries 


constants, and instantiation files for each generic 
package - everything you need to be up and 


running quickly. NAME 


TITLE 
Call, write, or FAX today for more information! 


Phone (205) 539-8360 © FAX (205) 533-6730 


MassTech" 


MassTech, Inc. ¢ 3108 Hillsboro Rd 


I 
I 
I 
i 
I 
I 
j COMPANY 
1 
i 
I 
I 
i 
Huntsville Alabama ° 35805 


MassTech and Math Pack are trademarks of MassTech, Inc. Other brand and product names are trademarks or registered trademarks of their respective holders. 
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If you spend more time getting to 
your data than getting information. 
from your data, it’s time you got 
the SAS System—the world’s #1 
applications system. No other 
software makes it so easy to reach 
all the remote islands of informa- 
tion within your company—or to 
analyze and present data in so 
many different ways. 

The SAS System’s exclusive 
Multiple Engine Architecture 
lets you access data stored in a 
variety of structures across a wide 
range of hardware platforms... . 
without having to know data base 
terminology or sacrificing data 
















ACCESS: Create Descriptor — 
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Member: FINANCE 
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Func Sel Column Name 


Name: FINANCE 
OS 
ag 

bat 


. ROK oc: Somme 
Islands of Information. 
are Within Easy Reach. 


Announcing the SAS® System’s Transparent Data Access 


base security. Easy-to-follow menus 
take yowinside DB2, SQL/DS™, 
ORACLE®, Rdb/VMS™, Lotus 
1-2-3®, (BASE®, SYSTEM 2000°, 
and other data bases. What’s more, 
the SAS System’s support of SQL™ 
gives programmers a standard 
language for data query. You can 
also use the SAS System to access 
raw data files in any format—even 
files with messy or missing data. 
Once you’ve accessed your: ~ 
data, the SAS System’s integrated 
data analysis, reporting, and 
graphics capabilities will help you 
turn bare facts into meaningful 
business information. Choose 
from such applications as forecast- 
ing. . .operations research . 
project management . . quali 
improvement. ..and more. 
All backed by expert technical 


“support, consulting services, 


documentation, and training— 
direct from SAS Institute Inc., 
one of the world’s most respected 
names in software. 


Quarterly Investment Returns 


$84,502 
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Call us now at (919) 677-8200t0> 4 
receive your free SAS System 
executive summary . . . plus deo 4 \ 
tails about a free no- eke 30-day a 
software trial. In Canada, calls \ 
(416) 443-9811. ¥ 


The SAS® System. 
More Choices 4 ¢ 
for More Applications =~ 
than Any Other See 1h, 


® 


SAS Institute Inc. 
Software Sales Departmen 
SAS Circle [] Box 8000 
Cary, NC 27512-8000 
Phone (919) 677-8200 
Fax (919) 677-8123 





The SAS System runs on mainframes, 
minicomputers, workstations, and 
personal computers. ‘ 

SAS is a registered trademark of SAS Institute Inc. 
Other brand and product names are registered 
trademarks or trademarks of their respective 2 
holders. 


Copyright© 1990 by SAS Institute Inc. 
Printed in the USA. : 
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US EY OI goons 


Ethics case revisited 
ecently, we posed the case of the three engineers 
who, employed by a consulting firm that bid on 
a communications system for a municipality, 
were then offered the job directly by an official 
of the municipality and accepted it [April, p. 19]. The case 
was adjudged by the ethics committee of the National So- 
ciety of Professional Engineers (NSPE) to represent no vio- 
lation of the society’s Code of Ethics. The board’s conclu- 
sion was based on the Code’s placement of the public interest 
ahead of other considerations. 

All of the readers who wrote to us about this case—many 
of them registered professional engineers—disagreed with 
the NSPE board’s decision. Most were unequivocal, criticiz- 
ing equally the city and the engineers. Several commented 
on the NSPE committee’s definition or interpretation of “the 
public interest.” 

R. B. Kircher, a process engineer from Portland, Ore., 
wrote “Public interest!? Balderdash! The municipality is just 
another business. They deserve no special privilege. The en- 
gineers represented the firm and without prior consent, the 
proposal belonged to the firm. Period!” 

Richard Macchi, a registered professional engineer from 
Attleboro, Mass., voiced his opinion that acceptance of a 
contract by the three engineers without approval of their 
former firm is unethical. “The fact that the client is a munic- 
ipality is irrelevant—bad faith actions by the city do not justi- 
fy similar behavior by the engineers,” he wrote. 

A registered professional engineer in Ohio, Richard H. 
Engelmann, while granting that the public interest should 
take precedence, stated that “the public deserves to be served 
by people who do not steal from their employers, and 
by people who do not urge others to steal from their em- 
ployers.” 

In the view of David C. Lincoln of Phoenix, Ariz., the 
serious ethical breach was primarily on the part of the city. 


NASA goofed again 
ASA seems to get into trouble in the “soft” tech- 
nologies, like knot tying and caulking. Its track 
record is extremely good in the high technol- 
ogies—notably electronic systems and computer 

programming. 

The latest eyebrow-raising episode was the poorly lashed- 
down antenna cable on one of the Hubble Space Telescope’s 
high-gain antennas. Tied in the wrong place to the antenna 
mast, the cable limited the rotation of the antenna about 
one axis—to 78 degrees instead of the intended 100 degrees. 

Post-error computer analysis by the space agency con- 
firmed the cause of the problem. The actual rotation was 
not tested prior to launch because the low-torque motors re- 
quired in space could not budge the antennas in the earth’s 
gravitation field at ground level. 

Belatedly, NASA produced a full-scale mockup using 
polystyrene, which further substantiated the fault. 

In the 1986 Challenger accident, puttied rocket joints were 
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“It is entirely unacceptable to have one standard of ethics 
for the private sector and a lower standard for the public 
sector,” he wrote. 

A White Plains, N-Y., registered professional engineer, 
Irwin B. Margiloff, wrote that “to hold that the ‘public in- 
terest’ is paramount is shortsightedly to define public interest 
as pertaining only to this particular project, not to the long- 
term advantages of having willing bidders on municipal work 
...” The NSPE position, he said, is “wrongheaded, im- 
moral, destructive of long-term productive use of resources, 
unfair to business[es], and to the professionals who build 
them.” 

Jeff Belagus of Winnipeg, Man., Canada, viewed the city 
official as unworthy of being called a “good corporate citi- 
zen,” but not as acting in an unethical way. The engineers, 
however, he said, were unethical. When placed by the city 
official in a position where they had a choice, they chose the 
unethical option, he said. 

A number of readers saw the case as involving law, rath- 
er than ethics. Patrick J. O’Connor, a professor at the Devry 
Institute of Technology in Chicago, wrote: “In leaving the 
consulting firm to negotiate separately with the municipal 
official, the engineers in the example would be involved in 
a breach-of-contract situation with every consulting firm I 
am aware of. The municipal official thus becomes an ac- 
cessory to the breach of contract.” The violation would be 
against the contractual clause that forbids an employee from 
working for a client of the consulting firm, or leaving the 
firm to take a job with one of its clients, for a specific amount 
of time after the employee stops working for the firm, 
O’Connor noted. In such a case, he said, he would expect 
both the engineers and the city official to be sued by the con- 
sulting firm. 

Additional comments received on the case will appear in 
Forum in future issues. 


found to be defective. 

In 1973, a meteoroid shield was ripped off during the 
launch of Skylab I. The engineers had failed to consider the 
aerodynamic stresses on the shield. 

Of the many boards of inquiry convened after the vari- 
ous NASA mishaps, one had some particularly sound ad- 
vice for the agency and its contractors. It was a warning not 
to be overwhelmed by the necessary emphasis on detailed 
design of complex subsystems, but to stand back once in a 
while to ask “what do you think?” Doing so, the inquiry 
board suggested, would avoid suppressing the role of the in- 
tuitive engineer, which otherwise might result from the neces- 
sarily complex “management system.” 

The old-fashioned chief engineer who scans the entire 
project and its progress while individual team members are 
involved in the detailed design of its different components 
might have avoided one or more of the NASA errors. 

—Donald Christiansen 
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Nuclear waste: 





SPECIAL REPORT: PART 1 


the challenge is global 


Those seeking to dispose of it are finding the world is 
a patchwork of backyards—and no one wants it in theirs 


The discovery of nuclear fission has in a few decades 
produced weapons of awesome power, electricity to 
fuel growing economies, submarines that roam the 
world’s oceans, and new medical techniques and |- 
treatments. But along with these highly visible ar- 
tifacts of the nuclear age has come a less conspicu- 
ous one: many millions of tons of nuclear waste, 
comprising radioactive elements with half-lives rang- 
ing from microseconds to eons. 

Management of this waste concerns the military, 
electric-utility, and political establishments of countries around 
the globe. About 30 nations use nuclear energy to generate one- 
sixth of the world’s electricity. Some 530 nuclear power reactors 
are now in operation, and another 96 are under construction, ac- 
cording to the International Atomic Energy Agency (IAEA), an 
intergovernmental organization affiliated with the United Na- 
tions and based in Vienna, Austria. 

In North America, Europe, and Asia, all of which have sig- 
nificant nuclear generation, supporters hope that new and sim- 
plified, comparatively standardized reactors will spur a renais- 
sance in nuclear technology and in public support of it. But there 
is wide agreement that in most places any such renaissance awaits 
more consistent and coherent Government policies on manag- 
ing waste. Only last Nov. 28, U.S. Deputy Secretary of Energy 
W. Henson Moore told a group of top nuclear industry execu- 
tives: “We must solve the nuclear waste problem if the public is 
to accept commercial nuclear power.” 

Progress in disposing of the longest-lived, or high-level, nu- 
clear wastes has stalled almost everywhere. No country current- 
ly has a permanent repository for such materials. In the mean- 
time, the waste keeps piling up. 


Three kinds of waste 


The IAEA recognizes high-, intermediate-, and low-level forms 
of nuclear waste. The classification is based on several factors, 
including the waste’s source and temperature, and half-life: the 
greater the number of long-lived radioisotopes the waste contains, 
the higher the level of waste. (Generally speaking, a long-lived 
isotope is one with a half-life of more than 30 years.) 

High-level waste is produced in two ways: by reprocessing spent 
nuclear fuel to recover isotopes that can be used again as fuel, 
and by merely using a reactor’s fuel rods, which contain long- 
lived isotopes when spent. This waste is also at first very hot. 

Intermediate-level waste consists of reactor byproducts and 
other materials, including equipment and tools that have become 
radioactive. It is less radioactive and less hot than the high-level 
type, but cannot be handled or transported without shielding. 

Low-level waste, which can be handled without shielding, 
comes largely from commercial-power, medical, and other non- 
military sources, and consists mainly of ordinary refuse (metal, 
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glass, paper, rags, and the like) that has been con- 
taminated by radioactive materials. Though the least 
harmful, low-level waste is also by far the most vo- 
luminous. 

According to estimates by the IAEA and anoth- 
er international group, the Paris-based Nuclear 
Energy Agency of the Organization for Economic 
Cooperation and Development, some 370 000 cubic 
meters of low-level waste will accumulate this year 
from commercial nuclear power plants alone. For 
intermediate- and high-level waste, the figures are 26 400 and 3400 
m}, respectively. By 1995, with more plants on line, the IAEA 
expects high-level waste to be piling up at a rate of 3800 m’ per 
year. 


Military makes more 


Although, overall, wastes from commercial power reactors out- 
weigh those from military ones, military programs produce a huge 
excess of the high-level type. Much of this is concentrated in the 
United States and the Soviet Union, which have by far the most 
extensive weapons and submarine-propulsion programs. In the 
United States, according to the U.S. Department of Energy 
(DOB), the military has produced about 380 000 m’ of high-level 
waste, whereas commercial reactors have produced about 
8000 m, including spent fuel (which contains long-lived radioiso- 
topes and so is handled much like high-level waste). 

The military figure is significant because this kind of waste 
is the hardest to manage. In most countries with substantial nu- 
clear establishments, R&D on permanently storing it is now the 
most costly and time-consuming activity in the nuclear-waste field. 

Because they generate heat, high-level wastes must be kept cool 


Defining terms 


Actinides: elements with atomic numbers between 89 and 
103. 

Alpha particle: a positively charged particle made up of 
two neutrons and two protons, identical to the nucleus of 
a helium atom. 

Beta particle: a negatively charged particle with a short 
range in air and a low penetrating ability. 

Gamma rays: highly penetrating short-wavelength elec- 
tromagnetic radiation. 

Half-life: the time in which a radioactive material loses half 
of its radioactivity by decay. 

Radionuclide, radioisotope: an isotope that decays toward 
a stable state by emitting ionizing radiation. 

Spent fuel: fuel that has been used in a reactor. 
Reprocessing: the chemical dissolution of spent reactor 
fuel to recover fissile material; it generates highly radioac- 
tive wastes that must be solidified for final disposal. 
Transuranic wastes: nuclides with atomic numbers greater 
than 92, wastes contaminated with uranium-233 and its 
daughter products, and some isotopes of plutonium. 
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Low-level waste disposal 





Containers with a titani- 






















Surface Topsoil Waste in Native 
um shell have been de- A Waste in ; Opsol : Wee 
veloped in Canada for | %@iNage stag) ee reinfor swegeta 
burial of spent-fuel as- drums ~ 


semblies. According to 
Atomic Energy of Cana- 
da Ltd., they should 
keep out groundwater in 
asite with typical Cana- 
dian geology for at least 
500 years. 





Atomic Energy of Canada Ltd. 


system 


Pervious 
blanket 











Railroad 





Emplacement-area 
exhaust shaft 





i 



























os “ae aul Geologic Z| sitar 
General S repository =| Ke ae 
Service support Administration operations isposa 
road facilities building area 
area 





Temporary surface storage facility 
Shaft ——+ 


Multiple barriers are designed to isolate high- and low-level nu- 
clear wastes for up to tens of thousands of years. Low-level waste 
is usually stored in shallow disposal facilities. In the earth- 
mounded concrete-bunker type (right inset), crushed steel drums 
are encased in concrete blocks, or monoliths. More waste in metal 
drums or concrete containers is stacked on top. All is then cov- 
ered with low-permeability backfill intended to prevent the ra- 
dionuclides from escaping into groundwater. A drainage system 
diverts rainwater. 

No repository for long-lived wastes has yet been constructed, 
though the Waste Isolation Pilot Plant in Carlsbad, N.M., is un- 
dergoing tests. The site chosen is likely to be excavated to sever- 
al hundred to a thousand meters. Spent-fuel rods or vitrified 
reprocessed wastes will be put in a temporary holding area 
(above), for transfer from transport casks into metal canisters. 
One option (right) is to lower the canisters in a shielded trans- 
porter on a remotely controlled elevator to the emplacement 
rooms. Unmanned, automatic vehicles will carry the canisters 
to holes in the ground or wall spaced several meters apart, to pre- 
vent heat from building up. When full, the waste-emplacement 
rooms—and the shaft itself—may be backfilled with the rock 
mined in excavating the repository (below). 
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for years after they are produced. The long-lived radioisotopes 
they contain emit alpha and beta particles and gamma radiation, 
all harmful in even small doses. Thus, they cannot be handled 
directly and must be isolated from human and environmental con- 
tact for many thousands of years. 

For handling spent rods from commercial reactors, the com- 
mon practice is to store them in cooling pools at the power plants 
where they were used. When they cool off enough and more room 
is needed in the pool, they are sent either for reprocessing or else 
for dry storage, usually in concrete or steel casks on the reactor 
site. 

Such storage is considered an interim solution and geologists 
and engineers are now investigating, or drawing up detailed plans 
for, permanent disposal of high-level wastes underground— 
typically within certain geologic formations of volcanic ash, gran- 
ite, or salt, which are believed to be stable over thousands or even 
millions of years. In France, Great Britain, and the United States, 
though, wherever and whenever sites have been considered, pro- 
gress has been halted by the intense opposition of local authori- 
ties and residents to the disposal of high-level wastes near them. 


Europe favors reprocessing 


Liquid high-level wastes are produced by the reprocessing of 
nuclear fuel to recover fissionable products for reuse in reactors. 
The main fissionable materials involved are isotopes of urani- 
um and plutonium with respective atomic weights of 235 and 239. 

Commercial reactors are powered by fuel containing 1.6-5.5 
percent U-235. But after use in a reactor, 95 percent of the ura- 
nium, containing 0.3-2 percent U-235, as well as other fissiona- 
ble isotopes, remains and can be used again, notes William H. 
Hannum, a nuclear waste expert at Argonne National Labora- 
tory in Argonne, Ill. The military reactors that propel nuclear 
submarines, on the other hand, use more highly enriched fuel, 
with 93 percent U-235; what percentages of this fissionable ma- 
terial remains after use is not public knowledge. 

Reprocessing is an integral, if often embryonic, part of the nu- 
clear establishments of most European countries and Japan. In 
the United States, reprocessing is part of the military fuel cycle 
but, after a discouraging history in the commercial sector, has 
been deemed uneconomical there. 

Small, experimental reprocessing facilities have been operat- 
ed in West Germany, Belgium, India, and Japan, as pilot plants 
for larger commercial reprocessing facilities (although West Ger- 
many and Belgium have for the time being abandoned their plans 
for larger plants). Only France—where 70 percent of the elec- 
tricity is nuclear-generated—and Great Britain currently oper- 
ate such plants on a commercial basis. Both countries reprocess 
spent fuel from reactors in a half-dozen or so other nations as 
well as their own. 

Hot, high-level waste is created during the first few stages of 
reprocessing, when uranium and plutonium are separated from 
spent fuel, leaving behind dozens of long-lived radioisotopes in 
a solution of nitric acid [see “Learning from nature,” p. 23]. This 
solution is then diverted to stainless steel tanks, which are 
equipped with cooling systems. The liquid may also be treated 
to neutralize it and precipitate the radioactive elements, form- 
ing a sludge. 

A number of leaks of this liquid have occurred at Government 
sites in the United States since the mid-1950s (in Great Britain, 
there have been leaks of intermediate-level waste). Some have been 
highly publicized, and the ensuing public outcry and political 
ramifications have greatly complicated waste management. 

Nonetheless, industry officials believe there is a technical so- 
lution: melting powdered glass with dried, concentrated high-level 
wastes, a procedure known as vitrification. Early experiments 
were carried out in Canada about 30 years ago and in the United 
States more recently, while the process has been used on a large 
scale in France for more than a decade and in Belgium for more 
than five years [see “(Learning from nature,” p. 23]. Inspired part- 
ly by this success, both the United States and Great Britain plan 
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to begin vitrifying high-level wastes within two years. 

Vitrification isolates radioisotopes from the environment by 
enveloping them in glass, which is relatively impervious to other 
substances even on an atomic level and impedes leaching of the 
isotopes into groundwater. The glass containing the waste is in 
turn sealed within specially designed stainless steel canisters. The 
entire system is predicated on finding a permanent, deep under- 
ground site for the canisters, something researchers and govern- 
ment officials have been unable to do, mainly for political reasons. 

Although vitrification is being embraced by nuclear experts 
around the world, scientists in Australia, which operates no nu- 
clear power plants, are convinced they have a better way: sealing 
the waste within a form of synthetic rock, or “‘synroc,” created 
from three titanate minerals and a little metal alloy. The tech- 
nology was invented 10 years ago by a group led by A.E. Ring- 
wood at the Australian National University in Canberra. Sever- 
al independent researchers have found synroc-clad waste superior 
to vitrified waste in important characteristics, including durability, 
resistance to leaching and irradiation by neutrons, and suitabili- 
ty to burial in deep boreholes. 

Despite these advantages, synroc has yet to win converts among 
Western nuclear nations. However, interest is reportedly high in 
the Soviet Union, which operates 73 reactors, and a complex deal 
to build a commercial synroc plant there with U.S. financing has 
been proposed. Half of the waste treated at the plant would come 
from the Soviet Union, the rest from outside the country, provid- 
ing a return for investors. The deal apparently hinges on approval 
by Government officials in both Australia and the USSR. 

Lacking a permanent repository, French vitrified wastes are 
now being stored in air-cooled vaults containing compartments 
with multilayer tubes. Each consists of a plugged inner tube, 
which holds the waste, while cooling air is circulated in a sur- 
rounding outer tube. A vitrification plant about to begin opera- 
tion in the United Kingdom will use a similar arrangement, as 
will several sites in the United States. 

Some countries, including West Germany and the United King- 
dom, are operating centralized, temporary storage sites, called 
AFR, or away-from-reactor, for high-level wastes. In AFR stor- 
age, the wastes can be recovered for final disposal. The Canadi- 
ans and Swiss are planning such facilities. 


Trouble underground 


Despite widespread public opposition, evaluation of prospec- 
tive permanent disposal sites is under way in many countries. The 
only type actively under consideration for long-term disposal is 
a deep-geological repository, excavated several hundred to 1000 
meters below the surface. None is expected to begin storing wastes 
until after the year 2010—and possibly much later because of the 
controversy that usually surrounds any discussions in this field. 

Designing a repository must take into account seismic, volcanic, 
hydrologic, and geochemical characteristics of the surrounding 
geologic formation to ensure that the wastes are isolated virtu- 
ally indefinitely. The key technical issue is preventing radioac- 
tive material from contaminating groundwater, which could poi- 
son food and drinking water; so water flux, velocity, and flow 
path at a prospective site are carefully studied in different geo- 
logical formations. The repository must also be engineered to re- 
move the heat generated by high-level waste. The possibility of 
human intrusion is another important risk factor. 


Unbitten bullets 


Because of the issue’s politically charged nature, some nations 
have formally elected to defer a final decison. In February, as a 
result of protests over the choice of a site that would begin oper- 
ating sometime in the next decade, France declared a one-year 
cooling-off period before a decision is made. The United King- 
dom, after protests by antinuclear groups, decided to postpone 
choosing an active site until at least the year 2050. 

In crowded, resource-poor Japan, public opinion has gener- 
ally favored nuclear power because of the country’s drive for ener- 
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gy self-sufficiency. But in 1988, during a commemoration two wastes at the proposed Yucca Mountain repository in Nevada has 


years after the Chernobyl accident, protests erupted over the Rok- bogged down in legal conflict with the state. 
kasho reprocessing facility and low-level waste-disposal site. Op- The need for an expedited solution is debatable. One of the 
position, too, has arisen over a planned Storage Engineering Cen- main arguments for pushing ahead is ethical: that the people that 


ter at Horonobe on the northern island of Hokkaido. Although generate the waste should be the ones to find a final resting place 

Japan’s Atomic Energy Commission says this will be merely to not requiring constant care by future generations. 

study disposal technologies, local opponents fear it may in the A main counterargument—put forward by both environmen- 

end become an actual dumping site. talists and some technical experts—is that there is no pressing 
The United States is farthest along in planning for the long need for a deep repository: the technology exists to store the 

term, but its haste may prove costly. DOE has constructed a wastes on the surface; this lets them cool significantly until they 

repository, the Waste Isolation Pilot Plant (WIPP), in Carlsbad, are eventually disposed of underground. 

N.M., intended for mainly transuranic wastes (nuclides with The capacity of existing storage sites can, in fact, be expand- 

atomic numbers greater than 92), some of which survive for many ed. Replacing the original aluminum storage racks that hold fuel 

centuries. And DOE’s plan to investigate a site for high-level assemblies in storage pools with new racks made of more expen- 


Storage of commercial spent fuel and high-level waste in nine countries 
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capacity, 
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Canada 12.2 18 Reactor sites Wet pools, per- >50 Utilities > 2010 
(15.6%) haps dry casks° 
at Pickering, Ont. 
France 52.6 55 Yes Reactor sites Wet pools ~1 EDF > 2010 
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Spain 7.54 Reactor sites Wet pools 
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Sweden 9.82 12 Reactor sites Wet pools Utilities > 2020 
9 ces 
(45.1% Independent fa- | Wet pools Utilities 
cility (CLAB, at (through SKB) 
Oscarshamn re- 
actor site) 
Switzerland 2.95 5 Yes Reactor sites Wet pools <12 Utilities > 2025 
0 Bev 
(41.6%) (Fr, UK) Independent fa- | SF, HLW-dry ~40 Utilities 
cility (Wuren- | casks” (through 
lingen HLW; SF Zwischenlager 
not under repro- Gesellschaft) 
cessing contract) 
United 2 39 Yes Reactor sites Wet pools ~1 Utilities > 2040 
i 9 ; ve 
Kingdom (21.7%) Independent fa- | SF-dry vault Undecided Utilities 
cility for AGR fuel (joint venture) 
(at Heysham re- 
actor site) 
Reprocessing SF-wet pools Few BNFL 
plant HLW-dry storage >50 
United States 98.3 110 Reactor sites Wet pools, Undecided Utilities > 2003 
(19.1% dry modules 
KEY @As of Dec. 31, 1989. 
AGR = advanced gas-cooled reactor ®No decision about future reprocessing has been made. 
BLG = subsidiary of DWK, which is owned by FRG Nuclear Utilities °A storage facility that does not affect the safety of a nuclear-power or fuel-reprocessing plant. 
BNFL = British Nuclear Fuels PLC Transportable storage casks are being investigated for buffer storage. 
CLAB = central storage for spent fuel Transportable storage casks have been selected for the storage facility. 
Cogéma = Compagnie Générale des Matiéres Nucléaires "Transportable storage casks are under development as the favored storage technology. 
EDF = Electricite de France 9May be private, government, or joint industry-government entities. 
Enresa = Empresa Nacional de Residuos Radiactivos SA 
HLW = high-level wastes 
JNFS = Japan Nuclear Fuel Services Company 
SF = spent fuel Sources: the International Atomic Energy Agency (columns 2 and 3), the Monitored Retrievable Storage 
SKB = Svensk Karnbranslehantering AB Commission, and others 
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sive materials, such as borated steel, can triple capacity. Rerack- 
ing has been used since the mid-1970s. Licenses for dry storage 
of spent fuel in steel or concrete casks have been issued to reac- 
tor sites since 1986. The advantage of dry storage is that it does 
not require an active cooling system. 


Not in my back yard 

When and if the decision is made to proceed with a deep reposi- 
tory, a key factor in gaining acceptance may be public participa- 
tion. This was apparent at a conference on high-level waste 
management, held April 8-12 in Las Vegas, Nev. More than 20 
papers dealt with the social impact of the problem, and topics 
often bridged technical and social aspects. One focused on how 
a public-education program at Sellafield in Cumbria, England, 
had made the reprocessing and storage site into a major tourist 
attraction. British Nuclear Fuels PLC calculated that it sent out 
8 million invitations to the site. 

Canada also has drawn worldwide attention for its care in 
choosing sites for low-level wastes. The Government has sought 
communities that would volunteer to accept the wastes, and which 
would benefit from the jobs that the facility would bring. Ten 
municipalities have stepped forward, and all have been given the 
option of backing out at any point. 

The process that started with low-level wastes is also seen as 
a model for how to pick a repository for long-lived wastes. “We 
believe that, as long as we don’t insist on putting it in a particu- 
lar place, the community retains an element of control in mak- 
ing the decision and there can be some success,” said Egon Frech, 
coordinator of public and government affairs for waste manage- 
ment for Atomic Energy of Canada Ltd., Pinawa, Man. 


A low-level solution 

While high-level disposal problems will persist beyond the turn 
of the century, more progress has been made in getting rid of the 
low-level type. The volume of these wastes—more than 100 times 
that of high-level materials—can often be reduced by compac- 
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A large (800-ton-per-year) repro- 
cessing plant is now under construc- 
tion near Rokkasho in northernmost 
Honshu, Japan’s main island. In the 
crowded, resource-poor country, pub- 
lic opinion has generally favored nu- 
clear power because of a national 
drive for energy self-sufficiency. But 
in 1988, during acommemoration of 
the 1986 Chernobyl accident, protests 
erupted over the proposed Rokkasho 
facility. 


Michael Cros: 


Prior to reprocessing, spent-fuel rods are stored 
under water in pools like this one, Pond 5, at the 
fuel-handling plant at the Sellafield complex in 
western Cumbria in the United Kingdom. The rods 
are kept in the pool for a period ranging from 
months to years, while the water absorbs heat and 
short-lived radioactivity. The Sellafield site is the 
largest of those operated by British Nuclear Fuels 
PLC, and reprocesses fuels from British as well as 
Japanese, West German, and other countries’ 
reactors. 


ish Nuclear Fuels PLC 


tion, shredding, and incineration. Because the radio- 
activity involved is small, low-level wastes rarely 
require radiation shielding. On the intermediate 
level, reactor resins, solidified chemical sludges, or 
used equipment are radioactive enough to need 
shielding during handling, as noted earlier. More 
problematic are mixed wastes, which contain both radioactive and 
other hazardous materials, such as organic chemicals, which 
makes safe disposal difficult. 

Some countries, like Japan, store low-level wastes at the reac- 
tor site. But many others already have many years’ experience with 
building structures that will keep the wastes from contaminat- 
ing groundwater for the few hundred years they pose a threat. 
In fact, some of the early low-level sites are almost full. And in 
some countries, officials and public-interest groups insist that 
the waste problem be solved before any new reactor construction 
can begin. 

What to do about waste may now be more of a social than a 
technical problem. Organizations that have managed the back- 
end of the nuclear fuel cycle have followed a conventional 
policymaking pattern. Officials tended to put off thinking about 
what to do with the slowly rising volumes of wastes generated 
while the nuclear industry was getting started during the 1950s. 
Writing about the policy-making process in a 1985 Office of Tech- 
nology Assessment report, Daniel Metlay, of Indiana Universi- 
ty in Bloomington, pointed to the early lack of concern over the 
waste issue evinced by officials of the Atomic Energy Commis- 
sion (it was disbanded in 1975, its functions being absorbed by 
the DOE and a new agency, the Nuclear Regulatory Commission). 

“In the history of the AEC,” said Metlay, “there was only one 
Commissioner, Clarence Larson, who took a major interest in 
waste management. But even he never championed the area’s 
needs in the same manner that James Ramney pushed reactor 
development or Glenn Seaborg pushed physical research. For 
most of the Commissioners, waste was unpleasant, unglamorous, 
and low priority.” 

Postponing decisions for so many years has given waste 
management a prominent public profile today. Recently nation- 
al and international public-education programs have been grow- 
ing rapidly. The IAEA is compiling a source book of waste 
management and disposal issues, giving an overview of how coun- 
tries deal with wastes, communicate with the public, and imple- 
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ment policies. But still greater efforts may be needed. “It is evi- 
dent that this educational effort may be more difficult than the 
engineering effort that has been required,” IAEA director Hans 
Blix has said. 


Niele lO 


Learning 
from nature 


Promising technologies have been demonstrated, 
but gaining public support is another matter 


From a technical standpoint, the management of high-level nu- 
clear waste devolves to one critical task: isolating the material 
so thoroughly and for so long that hardly any radionuclides ever 
seep into groundwater and thence into the food chain. Remark- 
ably, nature itself showed how such wastes might be isolated two 
billion years ago in Gabon, Western Africa. 

In 1972, geologists discovered evidence of a natural nuclear 
chain reaction that occurred there for a few hundred thousand 
years in a deposit of uranium ore. When the reaction finally 
ended, the radioactive byproducts were left sealed and isolated 
within the surrounding ore for millions of years. This event in- 
trigued researchers in Europe, the United States, the Soviet Union, 
and India, who had for years been trying, in effect, to do the same 
thing, using glass and steel canisters instead of natural ore. The 
process is called vitrification. 

The success of vitrification in keeping radioisotopes from 
leaching into the environment is linked to two properties of glass: 
its relatively impervious nature, and its flexible interatomic struc- 
ture, which easily surrounds and accommodates wastes and radio- 
isotopes of any shape, surface, or atomic size. 

The French have made the most progress. Since 1978 they have 
vitrified high-level wastes at a pilot industrial-scale plant in Mar- 
coule, France. A large-scale vitrification plant has been in oper- 
ation at Cap La Hague since November 1989; it handles up to 
800 metric tons of spent fuel per year. British Nuclear Fuels PLC 
plans to implement the French process, called AVM (for Atelier 
de Vitrification Marcoule), in its Windscale vitrification plant, 
now nearing completion as part of the giant Thermal Oxide 
Reprocessing Plant (Thorp) at Sellafield in Cumbria. 

Under a cooperative program with West Germany, a compet- 
ing vitrification technique has been developed in Belgium, where 
a pilot vitrification plant has been operating since 1985. 

At Marcoule, liquid high-level wastes are prepared for vitrifi- 
cation by mixing them with calcining additives and feeding the 
mixture into a rotating kiln. The dried, oxidized output from the 
kiln is mixed with frit (partly fused sand and vitreous 
substances—the raw material of glass) and that mixture falls into 
a 1150° C furnace that melts the glass. The mixture of molten 
glass and waste is poured directly into stainless steel storage 
canisters, each 1.3 meters high and holding about 360 kilograms, 
which are then welded shut and decontaminated on the outside. 

Another French vitrification plant is now entering full opera- 
tion at Cap La Hague in Normandy; this process is called AVH 
(Atelier de Vitrification de la Hague), an improvement on the 
standard AVM technique. 

In the German-Belgian process, called Pamela, electrodes are 
used in a smelter-like arrangement to produce molten glass, into 
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which the waste is dropped. And in Japan, yet another pilot 
vitrification plant, at Tokai, is scheduled to begin operation this 
year. 

The United States has vitrification plants under construction, 
based on the German-Belgian process, at West Valley, N-Y., and 
at Savannah River, S.C., for operation as of 1992. The $920 mil- 
lion Savannah River plant will be the largest in the world and 
will take about 15 years to vitrify the 130 000 cubic meters of high- 
level waste now stored there. The U.S. process differs from the 
French and Belgian methods in that it works with the thick sludge 
that contains most of the radioisotopes in the tanks of military 
high-level waste. 

A third U.S. vitrification plant is planned for construction at 
Hanford, Wash., the world’s oldest plutonium production facil- 
ity and the site of some 250 000 m of liquid high-level waste. 
Plans call for the Hanford plant to be operational in 1998. 


France, UK lead 


Liquid high-level waste is created, as mentioned above, when 
commercial or military fuel rods are reprocessed to recover iso- 
topes of plutonium and/or uranium for reuse in reactors [see “Nu- 
clear wastes: the challenge is global,” p. 18]. France has two repro- 
cessing sites, both run by Compagnie Générale des Matiéres 
Nucléaires (Cogéma), the state-owned reprocessing and waste- 
handling concern. The one at Marcoule can handle up to 450 met- 
ric tons per year. The other, in Normandy, is designated UP2 and 
can reprocess 400 tons per year, but is being expanded to double 
that capacity. Meanwhile, a second (800-ton-per-year) facility, 
UP3, recently began reprocessing fuels from light-water reactors. 

Britain’s reprocessing site is at Sellafield, on the English coast 
across from Northern Ireland. The main plant, designated B205, 
can reprocess an annual 1000-1200 metric tons of magnesium- 
clad, uranium metal-oxide (magnox) fuels, which are used in the 
gas/graphite reactors that predominate in the United Kingdom. 
The B205 plant also reprocesses fuel from British military reac- 
tors. A second facility is being built, at a cost of $3 billion, to 
handle fuels from light-water and advanced gas-cooled reactors. 
This Thorp is scheduled for completion in 1992 with a planned 
capacity of 1200 tons a year. 

India, which is vigorously pursuing nuclear power, has oper- 
ated a small (30-ton-per-year) reprocessing facility at Trombay, 
near Bombay, since 1962. Another plant, with a capacity of about 
100 tons a year, is in operation at Tarapur, somewhat farther from 
Bombay, and a second is scheduled for 1992 operation at Kal- 
pakkam, some distance from Madras. 

Japan’s nuclear industry relies heavily on British and French 
facilities for reprocessing, spending an estimated $3.75 billion 
each year for the British services alone. The country had hoped 
to ship the plutonium by jet, but officials of the Nuclear Regula- 
tory Agency in the United States, where the fuel originated, re- 
fused to cooperate with or sanction the idea. The recently adopted 
contingency plan, to use cargo ships that would make 27 000- 
kilometer, seven-week voyages, has provoked alarmed criticism 
in both Japan and the United States that terrorists might attack 
aship and seize or disperse the plutonium. The fissionable materi- 
als, mainly plutonium, extracted from the Japanese spent fuel 
are now being stored at Sellafield and Cap La Hague for ship- 
ment back to Japan beginning as soon as 1992. 

Japan also has a small (35-ton-per-year) reprocessing facility 
at the Tokai nuclear installation just north of Tokyo. A much larg- 
er (800-ton-per-year) reprocessing plant is now under construc- 
tion near Rokkasho in northernmost Honshu, the main island. 

In the United States, reprocessing of military nuclear fuels is 
carried out at Hanford, Wash.; Savannah River, S.C.; and Idaho 
Falls, Idaho. Three commercial reprocessing facilities were also 
built, in Barnwell, S.C.; Morris, Ill.; and West Valley, N.Y. The 
Barnwell and Morris plants were never operated, and the West 
Valley plant was closed in 1972, after six years of operation, amid 
concern over the levels of radioactive effluents from the plant 
and plant workers’ exposure to them. 





More than 2000 cubic meters of liquid high-level waste are still 
stored at West Valley, where the vitrification plant under construc- 
tion is scheduled to go on-line late in 1992. 


How reprocessing works 


The fundamental steps of reprocessing are similar everywhere, 
mainly because nearly all systems now in use are derived from 
methods developed in the 1950s and 1960s at Savannah River, 
S.C., and other Government sites in the United States. The fuel 
is dissolved and the resulting solution is typically conditioned 
in a succession of nitric-acid baths. Then the uranium and pluto- 
nium are extracted using a solution of tri-n-butyl phosphate and 
kerosene. 

This is the point when most of the high-level waste is produced. 
The solution that remains after the plutonium and uranium are 
gone contains most of the isotopes of concern. There are many 
dozens of them, all relatively long-lived. The solution, mostly 
nitric acid containing the liquid high-level waste and about 98 
percent of the total radioactivity, is diverted to stainless steel tanks 
fitted with cooling mechanisms such as coils. A second extrac- 
tion cycle produces intermediate-level liquid waste. Other chem- 
ical processes then separate and purify the uranium and pluto- 
nium, which are finally recovered as oxides. 

The cooling systems play a mundane but critical role: the fail- 
ure of such a system in 1957 at a Soviet waste storage site in the 
southern Urals led to the worst waste-related disaster on record. 
Heat built up in the liquid wastes until a chemical explosion rup- 
tured the concrete container’s seal, spewing some two million cu- 
ries of radioactivity (about 4 percent that of the Chernobyl acci- 
dent) and contaminating some 15 000 square kilometers. No 
deaths were caused by the disaster, Soviet officials have said. 

In Great Britain and France, liquid high-level wastes are slow- 
ly evaporated in a controlled way. In the United States, to inhibit 
corrosion of the steel tanks that hold high-level waste, the acidic 
solution has at times been neutralized with sodium hydroxide, 
creating a thick sludge that contains most of the radioactivity 
and that settles to the bottom of the tanks. 

However, some corrosion and hence a number of leaks have 
occurred at Hanford and Savannah River since 1956. At Sel- 
lafield, low-level discharges into the Irish Sea reached a peak in 
the 1970s, and have been reduced by an overhaul of the plant’s 
treatment facilities. So far, evidence of radioactive contamina- 
tion of groundwater has been found at several sites, including 
Savannah River. All such incidents, wherever they occur, have seri- 
ously eroded public confidence, if only temporarily, in programs 
for handling high-level waste. 


High-level searching 


Public backing is essential for addressing high-level waste dis- 
posal. Because this material may need to be isolated from the 
environment for tens of thousands of years, it has been difficult 
to get a consensus from the various regulatory, technical, legis- 
lative, and public-interest groups involved in making very long- 
term policy decisions. 

As a result, there has yet to be built a permanent repository 
for high-level wastes anywhere in the world. Options considered 
include letting hot waste canisters sink below the polar ice caps 
(rejected because no one knew what would happen to the con- 
tainers), or even rocketing the waste into outer space (discarded 
because an accident might happen during transport). 

National programs are under way to find suitable geologic sites 
in formations of: clay (Belgium, France, Italy, Switzerland, and 
the UK); crystalline rock (Canada, Finland, France, Japan, 
Sweden, Switzerland, the UK, and the United States); salt/an- 
hydrite (West Germany, France, Netherlands, Switzerland, the 
UK, and the United States); and volcanic ash, or tuff (Japan and 
the United States). 

Several national governments have established their own un- 
derground laboratories to study questions such as the minimum 
acceptable depth, the speed of waste canister corrosion, and the 
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hydrological behavior of the type of backfill used to seal the 
repository. There have also been attempts to mount regional or 
even international research efforts. 

Perhaps most notable is Sweden’s Stripa project, sponsored 
by the Organisation for European Cooperation and Develop- 
ment’s (OECD’s) Nuclear Energy Agency. Begun in 1980, radar, 
seismic and hydraulic measurements are testing groundwater flow 
in the abandoned Stripa iron-ore mine in central Sweden. 


Natural analogues 


Confidence that radioactive materials will move only limited 
distances from a repository stems from investigations of so-called 
natural analogues. These are formations of rock where natural 
radioactivity has left a record of its decay over the millennia— 
the Gabon site, discovered in 1972, being one of the most striking. 

Another example was found in northeastern Saskatchewan, 
where researchers at the Cigar Lake uranium deposit are trying 
to determine why radionuclides have not moved, despite having 
been saturated with groundwater for millions of years. A simi- 
lar project was started in 1981 by five OECD nations, which are 
studying uranium ore deposits in the Alligator Rivers region in 
Australia’s Northern Territory. 

Any final repository will not rely solely on the physical charac- 
teristics of the rock, but, instead, on the concept of “defense in 
depth’’—both natural and engineered barriers. In addition to 
vitrifying the wastes and burying them in a stable formation, they 
will be placed in metal containers and backfilled with the rock 
from which the repository was excavated. 


Nevada objects 

The engineering travails of actually choosing and excavating 
a site are apparent in the Waste Isolation Pilot Plant (WIPP), 
near Carlsbad, N.M. The site is intended as a repository for trans- 
uranic wastes—those with alpha activity exceeding 3700 becquer- 
els per gram. Early investigative work on WIPP began in the mid- 
1970s in the Los Medanos area of New Mexico. Drilled 650 meters 
down into a vast salt formation—salt tends to seal water 
seepage—it is supposed to hold more than a million 208-liter bar- 
rels, Although the project has gained some local support for the 
500 jobs it will bring to the area over a 25-to-30-year period, it 
triggered opposition two years ago when water was found to be 
leaking into the facility—and later when the ceiling and floors 
in storage rooms started to crack. Waste disposal operations have 
therefore yet to begin. 

Delays have meant that DOE and the Pentagon last year had 
to begin searching for a military base to temporarily store pluto- 
nium wastes from the Rocky Flats, Colo., nuclear weapons plant. 
Off-site storage was needed because the plant was approaching 
the transuranic-waste limit of 1.1 million liters agreed upon by 
DOE and the state of Colorado, whereupon storage at the site 
would cease. Governors from several states immediately voiced 
their opposition to giving a home to the orphaned wastes. 

Even more controversy has arisen from a plan to store high- 
level wastes from both the civilian and defense nuclear programs 
in the Nevada desert 100 miles northwest of Las Vegas. The Yucca 
Mountain repository is supposed to be embedded 300 meters 
below the surface in tuff. The site is located in the unsaturated 
zone, above the water table, where there is scant rainwater—less 
than 150 millimeters a year. 

The state of Nevada has opposed the project since the U.S. Con- 
gress canceled a competitive site-selection process in 1987 and 
designated Yucca Mountain as the only site to be investigated. 
The state government has refused to grant the necessary environ- 
mental permits for site exploration, prompting the DOE to file 
suit in January to get the state to act on the department’s request. 
While a high-level repository was originally scheduled to begin 
operation by 1998, the delays have meant that no site will open 
until at least 2010, if at all. 

While the search for a long-term repository continues, dispos- 

(Continued on p. 48) 
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Telephone challenges: 
a plethora of services 


Mickey Mouse phones join that old black Western Electric handset as collectors’ items—today’s 
telephone products and services let a caller do a lot more than just say ‘hello’ 


SPECIAL REPORT 


The following is the second of a series of articles on 
technical advances and changes in the regulatory cli- 
mate in USS. telephony since the court-ordered dives- 
titure of AT&T Co. six years ago. The first article was 
published in May. 


An electronic peephole lets you know who is call- 
ing before you pick up the ringing phone. The push 
of a few buttons traces an obscene call so the police 
can be notified. An incoming call turns off your cas- 
sette player and, if you choose to answer, replaces the music com- 
ing through your headphones with the caller’s voice. Several tele- 
phone numbers ring with different patterns on every phone in 
the house, but only one telephone line runs through your walls. 

Although all these features may not yet be taken for granted 
in most households, their use is spreading as consumers learn 
how their telephones can enhance the way they communicate. 

After the Federal Communications Commission (FCC) deregu- 
lated customer premises telephone equipment in the late 1970s, 
a wave of winsome devices hit the consumer shelves. There were 
Mickey phones and Snoopy phones, $10 telephones that looked 
like hamburgers or Coke bottles, $200 bronze-plated antique 
phones, and even duck-shaped phones that quacked. 

But those initial changes were primarily cosmetic. Now, a de- 
cade later, the many companies that make telephone equipment 
and provide telephone service offer a lot more. 


A Class act 

Perhaps the most revolutionary of these new functions is a set 
of services based on Custom Local Area Signaling Service (Class) 
technology. Introduced in New Jersey in 1987 (about 75 percent 
of that state’s telephone customers now have access to the tech- 
nology), Class provides caller identification, call block, priority 
call, return call, repeat call, select forward, and call trace. 
Throughout the nation, it is being rolled out at varying clips, de- 
pending on state regulatory climates and the pace of technology 
upgrades in the network. Most states are expected to offer some 
Class features in at least a few service areas by the end of 1991. 

Before the development of Class technology, telephone cus- 
tomers already had some call control options. A set of custom 
calling features, including call waiting, call forwarding, and three- 
way calling, were introduced into the telephone network some 
15 years ago, with software written for the 1ESS (Electronic 
Switching System No. 1) switch. This technology signals incom- 
ing calls even when the phone is in use and can reroute incoming 
calls. It could not distinguish between incoming calls, because 
the call origination data was not sent from switch to switch. 

Class can make such a distinction by taking advantage of a 
change in the way calls are routed. In the traditional architec- 
ture of the telephone network, the signaling between switches, 
including the call-routing information (the digits dialed), preced- 
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ed the voice signal over the same set of lines: rapid 
tones were heard as the information was passed 
along. Although AT&T introduced a way of separat- 
“ ing call- routing information from voice signals in 
the 1970s, this early technology was not economi- 
cal for use in local central offices. 

In 1984, though, a new standard was developed: 
Common Channel Signaling System 7 (SS7). With 
SS7, the call-routing information precedes the voice 
signal until it reaches the local switch where it is split 
off into a separate 56-kilobit-per-second signaling network. This 
separate data network allows much more information to be 
passed among the switches, including the calling number as well 
as the routing instructions. 

Within three years, local operating companies and long- 
distance carriers began installing SS7-based hardware at their 
switches. Today, 40 percent of the U.S. telephone network uses 
SS7, and almost 100 percent is expected to use it by 1994. Only 
the caller identification option among the Class services requires 
special equipment on the customer’s end. With caller ID, the des- 
tination switch stores the originating number, the date, and the 
time, sends a ring signal to the call recipient’s phone, followed 
by a burst of data that indicates the originating number, and then 
sends a second ring. A caller ID device containing a modem is 
triggered by the first ring to accept the data burst. Within a sec- 
ond or so, software decodes the data and the originating call’s 
number is displayed. 

For all other Class options, the data from the most recent call 
received is stored in memory at the switch. The recipient picks 
up the phone and dials a code (* plus two digits) to activate a 
return call, a call trace, or any of the other Class services. But 
these codes are not the best user interface, service providers and 
equipment manufacturers agree, and they are testing various 
menu interfaces that could replace them. 

Future telephones are expected to be introduced that have but- 
tons labeled, for example, “(Return Call,” so that pushing a sin- 
gle button will send the codes to activate Class features. A caller 
ID telephone from Northern Telecom Ltd., Toronto, already has 
some extra buttons that can be preprogrammed by the operat- 
ing company offering the service [see photo, p. 26]. Meantime, 
savvy users will dedicate a few of the buttons on their program- 
mable phones to the Class functions. 

Both AT&T Co. and Northern Telecom provide the Class and 
SS7 software. Another version of the software is being developed 
by Siemens AG, Munich. Class can also be used at a switch that 
is not on an SS7 route, but it functions then with local calls only. 

Currently, although Class features are implemented by Class 
software installed in the switches, some operating companies are 
not sure that switch-based software is the best way to implement 
Class-like features. For one, Ameritech Corp. in Chicago, which 
has implemented some Class services, has announced its plan to 
begin installing Advanced Intelligent Network (AIN) components 
in 1991. Another, U S West Advanced Technologies Inc., En- 
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Maestro, the first residential telephone 
designed to take advantage of caller 
identification services, displays the 
origination number of incoming calls 
on its liquid crystal screen. Buttons can 
be programmed to use other new ser- 
vices, such as automatically returning 
the most recent call received. Maestro, 
made by Northern Telecom Ltd. is sold 
by local telephone operating companies 
Sor $120 to $136. 


glewood, Colo., is currently testing 
Class software, but is also considering 
AIN as an alternative. Said Joseph Wet- 
zel, technical director for U S West: “If 
you want to modify the way a Class fea- 
ture works, you have to go back to your 
three or four switch manufacturers and 
request changes in the software, which 
may take years.” 

The AIN, being developed through 
Bell Communications Research Inc. 
(Bellcore), Livingston, N.J., puts the 
control software in a computer outside 
the switch, Wetzel told JEEE Spectrum, 
so that computers more powerful than 
switch hardware can manipulate a call. This system could im- 
plement Class features, as well as many others. For example, soft- 
ware might replace the dial tone (now automatic on the lifting 
of a receiver) with access to menus of functions or to a home in- 
tercom. 

Class services are expected to evolve rapidly. Through market 
research, some operating companies have discovered that tele- 
phone customers are interested in call-waiting ID, which displays 
a second incoming call number while the telephone is in use. Tel- 
ephone hardware that can detect the off-hook signaling of call 
waiting as well as the on-hook signaling of today’s caller ID is 
being developed. 

Some operating companies and telephone vendors, through 
research, have learned that caller identification by name instead 
of by number is preferred by many consumers. To implement 
name identification, the originating number data has to be routed 
to a database that matches numbers with names, or subscriber 
names would have to be stored at the switch. The name is then 
fed back into the network as a digital code, decoded, and dis- 
played by a special caller-ID telephone. (Northern Telecom ex- 
pects to introduce a name identification telephone next year.) 

Name instead of number identification might also lull the cur- 
rent privacy debate. Caller ID is viewed by some as an enhance- 
ment of personal privacy—an electronic peephole that allows the 
receiver to see who is calling before answering the phone, much 
as people might be requested to identify themselves before gain- 
ing entry into a home. However, others fear that people who pay 
to keep their numbers unlisted will lose their confidentiality and 
that caller ID would inhibit anonymous callers to crisis hot lines. 

The American Civil Liberties Union, based in New York City, 
is contending that caller ID violates the Electronic Communi- 
cations Privacy Act, a Federal law prohibiting the unauthorized 
use of devices that trace incoming calls. A bill introduced in the 
U.S. Senate and House this year, called the Telephone Privacy 
Act of 1990, would require the operating companies to offer 
callers a way to block the transmission of their numbers at no 
charge. The California state legislature already has passed such 
a bill, and legislators in other states have begun discussing the 
issue. Pacific Bell, San Francisco, has delayed introduction of 
Class services until modifications are made to allow blocking. 

But even a blocking option may not clear the path for caller 
ID. Bell Telephone of Pennsylvania had received approval from 
that state’s Public Utilities Commission to offer the service, but 
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in May a state appellate court ruled that 
caller ID, even with blocking, violates 
Pennsylvania’s wiretap law. That ruling 
is expected to be appealed. 

Meanwhile, by packing today’s tele- 
phones with microprocessors and 
memory, manufacturers are able to 
offer consumers a wide selection of ser- 
vices that do not require any interven- 
tion by network operators. Multiple 
programmable buttons allow users to 
input dozens of frequently called num- 
bers, easily activate speakerphones and 
two-way conversation recorders, silence 
the user’s end of the conversation, and 
repeatedly redial a busy number. And 
while such telephones may be high- 
priced, with feature-laden phones cost- 
ing several hundreds of dollars, they 
free the consumer from monthly add- 
on service charges. 


Cutting the cord 


This year, for the first time, more 
telephone purchasers are expected to 
reach for cordless phones than for 
corded ones. Cordless phones, first in- 
troduced in the early 1980s, are convenient because they can be 
carried easily at a whim throughout the house and yard. But only 
in the past few years has the quality of a call on a cordless phone 
approached that of corded phones. 

Lack of sound quality was only one of numerous problems 
of the first generation of cordless telephones. Another was in- 
terference. The FCC initially allocated five pairs of channels for 
cordless telephone transmission, but as cordless telephones 
proliferated, the odds of two neighbors transmitting on the same 
frequency increased. With this spectrum allocation, the base 
transmitted to the handset at frequencies of around 1.7 mega- 
hertz; the handsets transmitted at frequencies of around 49 kilo- 
hertz. Since the frequencies in the pairs were so far apart, users 
with a clear signal were unaware that the person on the other end 
may have been struggling to hear over interference. 

Also, many of the telephones produced were simply badly 
designed, said Richard Frenkiel, department head for consumer 
products at AT&T Bell Laboratories in Holmdel, N.J. Some would 
ring when they weren’t supposed to. To save money, some 
manufacturers put the ringing signal through the earpiece, which 
could hurt eardrums. The cordless industry lost many customers 
because of these problems, said Jon Hulak, an analyst for Per- 
sonal Technology Research in Cambridge, Mass. 

Then in 1984, the FCC changed the frequency allocation for 
cordless telephones to 10 pairs of frequencies at 49 kHz and 46 
kHz. Later that year, telephone manufacturers began taking ad- 
vantage of the new frequencies to win customers back. But first 
they dumped older cordless phones on the market at low prices, 
possibly disillusioning even more consumers. 

Today’s cordless phones, which are microprocessor based, in- 
clude noise reduction filters to eliminate static. To remove the false 
ring problem, the bases and handsets communicate digitally, in- 
stead of with 6-kHz analog signals. The digital messaging includes 
a security system that randomly selects one of hundreds or thou- 
sands of codes whenever the handset is picked up. These securi- 
ty codes eliminate the problem of someone driving by and dial- 
ing a call through a telephone in a house being passed. 

Many of these second-generation cordless phones sold in 1989 
and 1990 are not preset on a channel. Rather, the caller selects 
one of the 10 channels—whichever is clearest—each time a call 
is made, and he can change channels during the call. Some of 
the top-of-the-line models scan the 10 channels automatically. 

But cordless phones may get some competition from a surpris- 
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New telephone services 

























| Customer premises equipment | eS | Veni 
Display phone $120-$136 | Northern Telecom 


| Rate | Vee 
$6.50-$7.50/ | Nynex, 
month Bell Atlantic 
BellSouth 


nT CUT VAC C Ua) 


Caller ID Customer Local Area Sig- 
naling Service (Class) 


Signaling System 7 (SS7) 



























































$40-$80 AT&T, 


Northern Telecom 


Add-on display device 























Call block Class, SS7 $3-$5.50/ Bell Atlantic, 
(stops calls month or BellSouth, 
from selected $0.50/ day SW Bell,? 
numbers) active Ameritech 

























Return call Class, SS7 $2-$4/month | Nynex, 

(calls back last or $0.25/use | Bell Atlantic, 

incoming call) BellSouth, 
SW Bell, 
Ameritech 











$1.75-$4/ Nynex, 





month or Bell Atlantic, 
$0.25/use BellSouth, 
SW Bell, 










Repeat call Class, SS7 
(redials busy 
number until 
answer or pre- 
set time limit) Ameritech 
Select forward | Class, SS7 $2-$4/month | Bell Atlantic, 
or $0.50/use | BellSouth, 
SW Bell 
Call trace Class, SS7 $4/month or Nynex, 
$1-$3/use 


Bell Atlantic, 
Priority call Class, SS7 $2.75-$5.50/ 
(identifies se- 
lected callers 
with special 
ring) 


BellSouth, 
SW Bell 
Bell Atlantic, 
month or 
$0.50/ day 
Access to com- | Computer in network with 
puter informa- | gateway software 
tion services 


Rotary or Touch-tone phone Varies Various 


































BellSouth, 
SW Bell, 
Ameritech 
















$3/hour or 
$0.05/minute, 
plus fee for 
data service 


Nynex, 
Bell Atlantic, 
BellSouth, 

U S West 


























Voicemail Computer in network with | $5-$6.45/ Nynex, Touch-tone phone Varies Various 
voicemail software and month Bell Atlantic, 
hard-disk storage BellSouth, 
Ameritech, 
U S West, 
Pacific Bell 










Distinctive Software at switch, multi- | $4-$6/month, | Nynex, Telephone with standard ringer Varies Various 
ringing ple numbers assigned to depending on | Bell Atlantic, 
(one line) single customer line number of rings | BellSouth, 

SW Bell, 

Ameritech 






Distinctive Two-line phone $70-$250 | AT&T, Code-A- 
ringing Phone, Panasonic, 
(two lines) Northern Telecom 











$50-$300 | AT&T, Code-A- 
Phone, Panasonic, 


Northern Telecom 


Programmable push-button 
phone (includes mute hold, au- 
tomatic redial, one-touch dial- 
ing, speaker-phone, and/or 


home intercom) 
Phone, Panasonic, 


Cordless telephone $75-$250 
Phonemate, Sony 


Videophone Videophone $400 Mitsubishi Elec- 
tric Sales Ameri- 
ca, Sanyo 

Fax transmis- Home facsimile machine $300-$1700 | AT&T, Canon, 
Panasonic, Xerox 


sion, reception 


Fax/phone/an- Fax/ phone switcher $200 Command Com- 
swering-device munications, 
line sharing Lynx Automation 
Aids for the Voice synthesizers, enlarged $0-$600 AT&T, IBM 
numbers, breath-controlled 
phones, devices for the deaf 


Feature phone 





Cordless AT&T, Code-A- 


telephone 


disabled 


1 Available in limited service areas only. 2 List not comprehensive. 3 SW Bell = Southwestern Bell. 
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To identify the caller to the party being called, Cus- 
tom Local Area Signaling Service (Class) technol- 
ogy takes advantage of the Common Channel Sig- 
naling Network, which separates call-routing 
information, including the calling number as well 
as the number being called, from the voice signal. 


ing source. Sales of cellular telephones are boom- 
ing; some 870 000 were sold in 1989, up from the 
300 000 two years earlier, according to estimates 
by the Electronic Industries Association of 
Washington, D.C. Currently, most are used by 
businesses. 

Although today’s cellular telephone systems 
act as additions to, rather than integral parts of, 
the telephone network, that situation may soon 
change. The FCC in May authorized testing of 
microwave frequency (as compared with today’s 
radio frequency) cellular systems, and experimental services are 
expected to begin within two years. The microwave system’s high- 
frequency telephones use low-power transmitters, so two callers 
in the same building can use one frequency without interference. 
The transmitters and the telephones themselves could also be 
shrunk dramatically. With such advantages, these “personal com- 
munications networks” could replace cordless telephones. 

Also booming in popularity is the facsimile machine. Three 
years ago, all fax models cost well over $2000 and therefore were 
rarely purchased for use outside the office. Today, the average 
fax costs less than $1000, and models are available for as little 
as $300. Such low prices, along with improvements in transmis- 
sion speed, quality, and user friendliness, have turned them into 
a popular consumer product, useful for sending copies of a child’s 
fingerpaint art as well as work documents. 


Switch 


Please, Mr. Postman 


Voicemail, becoming ubiquitous in the office environment, is 
now available for the home, replacing the home answering ma- 
chine with a computerized answering service. On a standard push- 
button telephone, users dial a code to store a personalized greet- 
ing; they dial another code to retrieve messages from the voice- 
mail computer located at the central telephone office or other site. 

Voicemail has several advantages over answering machines: it 
can take messages when people are on another call, retrieve mes- 
sages from any telephone, and allow family members who share 
a telephone line to have separate voice mailboxes. When the re- 
ceiver is picked up, the dial tone flutters to alert the user that a 
message is waiting. It also allows the sending of mass “mailings.” 
For example, one phone call can alert members about a meeting. 

The technology is nothing new. Implementing voicemail merely 
requires adding software, hard-disk storage, and, in some cases, 
additional microprocessors to the switches in the central office; 
it does not require that central offices be upgraded to SS7. (Some 
voicemail hardware does not have to tie directly into the switch, 
tying into the network at a remote facility instead.) 

A voice-message storage system was tested by AT&T prior to 
divestiture, but was never implemented in the network because 
it was included in the ruling prohibiting Bell operating compa- 
nies from entering the information services business. That ban 
was lifted on March 7, 1988. 


This call’s for you 

Voicemail separates calls for different individuals in a residence 
only if no one picks up the phone. Then, a prerecorded voice mes- 
sage directs the caller, for example, to “Press 1 for John, press 
2 for Mary, press 3 for Suzie.” 

Other telephone services target calls with distinctive rings. Each 
member of the household is assigned a different telephone num- 
ber, even though only one line connects the house to the telephone 
network. Through software at the local switch, calls for the differ- 
ent numbers trigger different ringing patterns. So calls for John 
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may sound as “Riiinng, Riinng,” Mary’s calls chime “Ring ring, 
Ring ring,” and Suzie’s calls come in as “Ring riiing ring, Ring 
riinng ring.” These patterns also sound as call-waiting tones. 

This distinctive ringing feature will not work with telephones 
whose ringers are not controlled through the telephone lines. Such 
phones use the burst of current to switch on patterns of sounds 
as, for example, telephones shaped like ducks that quack. 


Number, please? 


Some callers dialing O may find themselves talking to a com- 
puter instead of a human operator. This Automated Alternate 
Billing Service (AABS) was developed by Northern Telecom’s 
R&D arm, Bell-Northern Research Ltd. in Montreal, Ottawa, and 
Research Triangle Park, N.C. The system runs on a minicomputer 
connected to the switch, which incorporates a 68020 micropro- 
cessor and a 350-megabyte Winchester disk drive, along with 
specialized voice recognition software. 

A caller dials O plus the number he is trying to reach. If he 
responds to the “bong” tone by dialing O again or doing noth- 
ing instead of punching out a credit card number, he will be told 
to enter 1-1 for a collect call or another telephone number for 
a third-party-billed call. The caller is then asked to state his name, 
which is recorded. The system then connects to the called num- 
ber, states that a collect call is being made from “John Smith” 
(the recorded name), and listens for a “yes” before completing 
the call. Proprietary speech recognition algorithms compare the 
“yes” or “no” response to a voice template made from a collec- 
tion of several hundred thousand voices, a database, which is still 
being updated. It is currently in use by Ameritech, BellSouth, 
based in Atlanta, and Nynex, based in New York City. 

US. Sprint, based in Kansas City, Mo., has announced a voice- 
activated calling card and speed dial system. From anywhere in 
the United States, Sprint customers can call an 800-network, state 
their password, and command “Call home” or “Call office.” The 
number is automatically dialed and billed to their Sprint account. 
New York Telephone Co. is testing a similar system. 


To probe further 


For detailed information about Class technology, see Telephony 
magazine, 1989 and 1990. Contact its publisher at 55 East Jack- 
son Blvd., Chicago, Ill. 60604; 312-922-2435. 

The latest telephones, answering machines, fax devices, and 
other consumer communications products are demonstrated 
twice annually at the International Consumer Electronics Show, 
held in Las Vegas in January and in Chicago in June. For more 
information, contact the Electronic Industries Association; 
202-457-8700. 

For information or a demonstration of telephone devices for 
the disabled, contact the AT&T National Special Needs Center 
(800-233-1222) or visit New York Telephone’s Communications 
Center for the Disabled, 204 Second Ave., New York City 
(800-482-9020). Sd 
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Silicon micromechanics: 
sensors and actuators on a chip 


Remarkable advances in sculpting minute sensors, motors, valves, and pumps from silicon 
could affect such diverse fields as optical signal processing and magnetic recording technology 


ADVANCED TECHNOLOGY 


A mechanical microworld is emerging from the tech- 
nology developed for integrated circuits. Already, 
completely assembled mechanisms and motors frac- 
tions of a millimeter in size are being made in labora- 
tories around the world. New products and new 
capabilities for engineering and scientific investiga- 
tions dot the horizon. 

Surprisingly, these flea-sized mechanical struc- 
tures might well transform the control of mechani- 
cal elephants like automobiles. By the end of this 
decade, inexpensive yet highly reliable accelerometers and other 
sensors could revolutionize the design of suspension, braking, 
and steering systems. These devices are fabricated on silicon sub- 
strates using extensions of such IC manufacturing processes as 
photolithography, thin-film deposition, and chemical and plas- 
ma etching. Thus far, the silicon diaphragm pressure sensor has 
been the main commercial engine, with many uses in the automo- 
tive, medical electronics, and process-control industries. 

Micromotors and articulated microstructures are more ambi- 
tious and might serve as actuators in a range of electromechani- 
cal systems. Rapid developments during the past three years by 
many groups around the world are coalescing into a multidis- 
ciplinary research field, described variously as microelec- 
tromechanical systems, micromechatronics, microdynamics, and 
micromechanics. The new field has also spurred basic studies of 
the physics and chemistry of materials and structures in the 
micro-scale. 


Fabrication techniques 


A number of innovative fabrication techniques have recently 
been developed specifically for micromechanical structures, and 
they fall into two categories: bulk micromachining and surface 
micromachining. The first involves sculpting the silicon substrate 
by means of chemical etchants, and the second, etching layers 
of thin films deposited upon the substrate. 

In the 1950s, it was discovered that alkaline solutions attack 
different facets, or planes, of the silicon crystal at very different 
rates. Indeed, one facet can hardly be etched at all. Exposing an 
area of a silicon wafer with a specific crystal orientation to these 
solutions creates cavities with precisely angled walls that are 
aligned with the non-etching crystallographic planes [Fig. 1]. The 
common microelectronic thin-film materials silicon dioxide or 
silicon nitride can serve to mask the portions of the wafer that 
are not to be etched. To further control geometry, microstruc- 
ture designers can stop the etch either with a layer of silicon heav- 
ily doped with boron or by applying a passivating voltage to one 
side of a p-n junction. A proven high-volume production pro- 
cess, bulk micromachining is routinely used to fabricate micro- 
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structures with critical dimensions that are precise- 
ly determined by the crystal structure of the silicon 
wafer, by etch-stop layer thicknesses, or by the litho- 
graphic masking pattern. 

For making complex structures, the ability to 
bond silicon wafers is an important adjunct to bulk 
micromachining. Engineers at NovaSensor, 
Fremont, Calif., recently applied silicon fusion 
bonding to fabricate micro silicon pressure sensor 
chips [Fig. 2]. Developed in the 1960s, this process 
fuses silicon wafers together at the atomic level—without the need 
for a “glue” layer or an applied electric field. 

Surface micromachining is based on depositing and etching 
structural and sacrificial films. After deposition of the films, the 
sacrificial material is etched away, leaving a completely assem- 
bled micromechanical structure. This simple concept was first 
applied in the 1960s at Westinghouse Research Laboratories, Pitts- 
burgh, with metal films. In the early 1980s, researchers at the 
University of California at Berkeley began using silicon dioxide 
as the sacrificial material and polycrystalline silicon as the struc- 
tural material. The films are grown on silicon wafers by chemi- 
cal vapor deposition (CVD). The process is useful for making 
a wide range of micromechanical elements, including beams, 
bearings, and linkages. By depositing additional films after 
removal of the sacrificial layer, University of Wisconsin-Madison 
researchers pioneered a method for making sealed cavities. 

Surface micromachining allows the clever microstructure 




























Defining terms 


Bulk micromachining: a process for making microstructures 
in which a masked silicon wafer is etched in orientation- 
dependent etching solutions. 

Piezoelectric effect: a phenomenon in which certain materi- 
als become electrically polarized in response to applied strain 
or become strained in response to applied voltage. 
Piezoresistor: a resistor that changes resistance in response 
to applied strain. 

Proof mass: the reference mass inside an accelerometer, from 
whose movement the acceleration measurement is derived. 
Sacrificial layer: a thin film deposited in the surface micro- 
machining process that is later etched away to release a 
microstructure. 

Silicon fusion bonding: a process for bonding two silicon 
wafers at the atomic level without applying glue or an elec- 
tric field. 

Structural layer: a layer of material deposited in the surface 
micromachining process that will become a structural mem- 
ber of a microstructure, in contrast to a sacrificial layer. 
Surface micromachining: a process for depositing and etch- 
ing multiple layers of sacrificial and structural thin films to 
build complex microstructures. 

Tribology: the study of friction, wear, and lubrication in sur- 
faces sliding against each other, as in bearings and gears. 
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designer to exploit the uniformity with which CVD 
films coat irregular surfaces as well as the pattern- 
ing fidetity of modern plasma etching processes. 
Multiple depositions of structural and sacrificial 
films, each individually patterned, can build sur- 
prisingly complex micromechanical structures. 
Still, there is a limit to the number of layers since 
each one increases surface roughness, gradually 
degrading the photolithographic process. 

Some of the most impressive products of sur- 
face micromachining are the electrostatic micro- 
motors fabricated at Berkeley and at the Mas- 
sachusetts Institute of Technology (MIT) in 
Cambridge [Fig. 3]. The MIT variable-capacitance 
motor has a 100-micrometer-diameter rotor and 
2-yum-wide air gaps, and has a peak torque of 12 
piconewton-meters for an excitation voltage of 100 
volts across each opposing air gap. Synchronous 
motor speeds of up to 2500 revolutions per min- 
ute have been observed with 80-V excitation. 

MIT recently pioneered the use of polyimide and 


aluminum as structural and sacrificial layers. Among the advan- 
tages of this pairing are that the maximum fabrication tempera- 
ture is less than 400° C and that structures only 30 wm thick are 
possible. Because polyimide’s cure temperature is so low, these 
microstructures can be easily combined with prefabricated MOS 


electronics. 


Silicon accelerometers 


Several companies are developing silicon accelerometers for 
active suspensions, anti-skid systems, and air-bag deployment in 
automobiles. IC Sensors Inc., of Milpitas, Calif., and NovaSen- 
sor have products on the market [Fig. 4], and in Japan, NEC 
Corp. and Hitachi Ltd. have demonstrated prototype devices. 
These applications require only intermediate performance but 
very high reliability and low cost. A typical design incorporates 
a bulk-micromachined silicon mass (called the proof mass) sus- 
pended by silicon beams. Ion-implanted piezoresistors on the sus- 
pension beams sense the motion of the proof mass produced by 
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[1] Using bulk-silicon micromachining 
techniques, microstructure designers 
can sculpt a variety of geometric fea- 
tures in a silicon wafer. (Not all features 
shown could be etched in one masking 
step or on the same wafer.) The features 
at left can be etched in silicon wafers 
having crystals oriented so that the x-y 
Nozzle plane of the unit cube is parallel to the 
wafer surface. This plane (in blue at 
left) is designated by Miller indices as 


Cavity 


i. (001), signifying it is perpendicular to 
1? a unit vector in the z direction. The (111) 
. plane (in purple) runs diagonally 

7 through the crystal’s unit cube. Because 


it etches so slowly, cavity surfaces form 
along this plane, creating angled walls. 
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epitaxial 
Source: NovaSensor layer 
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[2] NovaSensor has applied silicon fusion bonding to fabricating a catheter- 
tip micropressure sensor. This process bonds silicon wafers at the atomic level 
without glue or an applied electric field. First, a wedge-shaped cavity bordered 
by (111) planes is etched in a (001)-oriented silicon wafer (upper middle). The 
cavity is capped by fusion with another silicon wafer having a lightly doped 
epitaxial layer (top). A doping-selective silicon etch removes all of the capping 
wafer except the epitaxial layer, a procedure called etch-back (bottom middle). 
Using standard IC processes, piezoresistive strain gauges are implanted in the 
silicon diaphragm and metal interconnections are made. Finally, the cavity is 
exposed by mechanical lapping of the bottom of the wafer (bottom). The scan- 
ning electron micrograph (SEM) on the right shows three completed pressure 
sensors on the head of an ordinary straight pin. 


acceleration. 

Research laboratories are also exploring the utility of silicon 
accelerometers for high-precision applications such as inertial 
navigation. In this case, the preferred means for detecting move- 
ment of the proof mass is a change in capacitance. In some de- 
signs, capacitor plates located on the top and bottom capping 
wafers (the two wafers that enclose the proof mass) also apply 
a restoring electrostatic force to the mass to null its displacement, 
offering improved linearity and dynamic range over “open-loop” 
devices. 

Capacitive accelerometers from Centre Suisse d’Electronique 
et de Microtechnique SA (CSEM) in Neuchatel, Switzerland, can 
detect sub-microgravity accelerations in a 1-hertz bandwidth. 
Researchers at Messerschmitt-B6lkow-Blohm GmbH (MBB) in 
Munich have developed a highly symmetrical accelerometer, 
which is virtually immune to off-axis accelerations. The silicon 
proof mass is suspended from its corners by eight beams (four 
each on the top and bottom surface). A switched-capacitor 
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CMOS application-specific IC (ASIC) measures the variation in 
capacitance between the proof mass and metal electrodes locat- 
ed in wells etched in the upper and lower glass capping wafers. 

The Charles Stark Draper Laboratory Inc., in Cambridge, 
Mass., recently reported a new approach for capacitive force- 
balance accelerometers. A torsionally suspended silicon gimbal 
plate on which metal has been asymmetrically deposited serves 
as the proof mass and suspension. Acceleration tilts the plate and 
changes the differential capacitance between the plate and an 
outer pair of stationary electrodes. Using this signal as input, a 
control loop generates voltages on an inner pair of electrodes to 
apply a torque on the plate and null the tilt. 


Resonant microsensors 


An alternative approach to precision sensing is resonant 
microstructures. As with a stretched guitar string, a change in 
tension in a vibrating beam prompts a shift in its resonant fre- 
quency that can be conveniently and accurately measured. In a 
resonant accelerometer from STC Technology Ltd. in Harlow, 
England, for example, deflection of the proof mass changes the 
axial load on the resonant microstructure, shifting its frequen- 
cy. Thermal expansion drives the microstructure’s vibration, 
which is sensed by a diffused piezoresistor. A resonant accelerom- 
eter recently reported by General Motors Corp.’s Research 
Laboratories, Warren, Mich., has a bulk-micromachined proof 
mass suspended by four polysilicon microbridges, whose vibra- 
tions are both driven and sensed capacitively. The difference in 
resonant frequency in a pair of opposing microbridges is propor- 
tional to the component of acceleration aligned with that pair. 

A team at Berkeley is investigating a resonant microstructure 
with potential application in pressure sensors as well as accelerom- 
eters. It consists of interdigitated capacitors that excite vibrations 
parallel to the plane of the substrate [Fig. 5]. The design allows 
high vibrational amplitudes, in contrast to parallel-plate capa- 
citors in which the amplitude is limited by the gap between the 
plates. In addition, the folded-beam suspension of the resona- 
tor acts as a compliant, linear spring and releases any mechani- 
cal stress introduced in the polysilicon film during deposition. 


Micromachines 

The fabrication techniques developed for microsensors are now 
being applied to microelectromechanical systems such as motors 
and pumps. Microdynamics research has progressed rapidly in 
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the last three years—witness attendance at the IEEE Micro Elec- 
tro Mechanical Systems Workshop, which has been increasing 
about 70 percent a year since its start in 1987. Potential applica- 
tions range from optical signal processing and surgical instru- 
ments to silicon valves, pumps, and fine-positioning actuators 
for high-performance disk drives. An intriguing aspect of the field 
is its multidisciplinary character; it draws on silicon microfabri- 
cation, mechanical design, material science, tribology, control 
theory, metrology, electrostatics, micro-telemanipulation, robot- 
ics, and other areas. 

A fundamental issue in microdynamics is the scaling of phys- 
ical properties into the micro domain. Our intuition and under- 
standing of mechanics has been developed by interacting with 
the macro world around us. Our ideas of how things behave come 
from watching automobiles and baseballs, and trying to fix house- 
hold plumbing. A water bug walking on the surface of a pond, 
or an ant carrying many times its own weight, indicate that small 
systems may indeed behave very differently. 

Consider a system that is scaled down by a factor of 100. The 
mass, and hence the inertial and gravitational forces, decrease 

(Continued on p. 34) 


[3] The variable-capacitance micromotor shown in the SEM ex- 
ploits the favorable scaling of electrostatic forces in the micro 
domain. The eight-pronged rotor spins around the center bear- 
ing at up to 2500 revolutions per minute in response to voltages 
applied sequentially to the stator poles encircling it, across a gap 
of 2 micrometers. The motor has a 100-4m-diameter rotor and 
was made at the Massachusetts Institute of Technology using the 
surface micromachining process portrayed below. Polycrystal- 
line silicon is the motor’s structural material (in purple), while 
the phosphosilicate glass serves as the sacrificial layer (in orange), 
which is etched away after all layers are deposited. After first 
depositing a layer of polysilicon on a substrate coated with sili- 
con nitride (the stator anchor), a layer of phosphosilicate glass 
is deposited, and anchor areas and molds for bushings are etched 
in two masking steps (top). A 2-um-thick polysilicon layer is then 
deposited and patterned to form the rotor and stator segments 
(top middle). To create clearance for the bearing, another sacrifi- 
cial layer is deposited and patterned (bottom middle), followed 
by a third polysilicon layer to form the bearing (bottom). The 
glass is etched away with hydrofluoric acid, releasing the rotor. 
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Silicon micromechanics 


(Continued from p. 31) 
by a factor of 1 000 000. Forces that scale as the area of the sys- 
tem, such as electrostatic attraction, will decrease by a factor of 
only 10 000. As a result, the ratio of such forces to inertial forces 
increases by a factor of 100. For example, dust particles on the 
surface of a mirror are held there by an electrostatic force that 
is much stronger than the gravitational tug on them. 

The forces useful for actuation have a wide range of scaling 
laws. Electromagnetic forces are dominant in the macroscopic 
world, but scale as the area squared (assuming constant current 
density in the actuator windings), and so shrink rapidly as sys- 
tems become smaller. Increasing the current density with size 
reduction will result in a more favorable scaling law at the cost 
of greater power dissipation. 

Several forces scale with the area, including pneumatics and 
electrostatic attraction, assuming a constant electric field. In fact, 
the breakdown electric field increases in small gaps by a factor 
of over 10 times the macroscopic limit of 3 megavolts per meter, 
resulting in an even more favorable scaling for electrostatics. Fi- 
nally, the forces of surface tension scale with the linear dimen- 
sion of the system and become large relative to other forces, as 
the water bug example shows. 

As this scaling analysis suggests, electrostatic forces are more 
suitable than electromagnetic forces in the micro domain. In ad- 
dition, in contrast to multiturn windings, capacitors with small 
gaps are fairly easy to fabricate with surface micromachining. 
Logically enough, therefore, the initial silicon micromotor re- 
search efforts at MIT, Berkeley, and AT&T Bell Laboratories in 
Holmdel, N.J., have focused on electrostatic micromotors of var- 
ious designs. 

The piezoelectric effect also scales with the area, making it an 
attractive means of actuation. A microfabricated cantilever beam 
developed at Stanford University for scanning tunneling 
microscopy moves in three 
dimensions when voltages are 
applied to four independently 
addressable regions of piezoelec- 
tric zinc oxide. 

Micromachined valves were 
first demonstrated in the mid- 
1970s in the Stanford silicon gas 
chromatograph project. Recent- 
ly other IC-based valves have 
been under intensive develop- 
ment at Tohoku University in 
Sendai, Japan, and the Twente 
University of Technology in En- 
schede, the Netherlands. Tohoku 
researchers have demonstrated a 
variety of flow-control systems 
built around one-way valves with 
suspended polysilicon check 
rings and fabricated by a combi- 


[4] The cross section of a silicon 
microaccelerometer developed 
by IC Sensors Inc. for automo- 
tive applications shows the proof 
mass displaced by a vertical ac- 
celeration, which is sensed by 
piezoresistive strain gauges 
embedded in the four support- 
ing flexures. The optical micro- 
graph shows the device with the 
upper capping wafer partially re- 
moved, exposing two of the sus- 
pension flexures and part of the 


proof mass, Source: IC Sensors Inc. stop 
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nation of bulk and surface micromachining techniques. To con- 
trol the diaphragm displacement, miniature piezoelectric actua- 
tors are mounted on the silicon micromachined wafer. 

Thermal expansion can also provide the force for seating valves 
or displacing diaphragms in microfabricated flow-control actu- 
ators. For example, researchers at the University of Twente, ex- 
tending earlier work at Stanford University, are using the ther- 
mal expansion of a gas to actuate a pump. 

Hitachi Central Research Laboratory in Tokyo is using 
micromachined silicon components to help cross-breed biologi- 
cal cells. A two-dimensional matrix of 1600 ports etched 
anisotropically on a 75-mm-diameter wafer serves to position and 
secure individual cells, one to a port. This carrier plate transports 
the cells to a 1600-port cell-fusion plate and loads two sets of 
cells as matched pairs to cell-fusion chambers. The cell pairs fuse 
when short, high-voltage pulses are applied to them. 

Hitachi’s automated cell processor has achieved fusion rates 
of almost 60 percent, as compared to the 2-3 percent fusion rates 
typical of existing manual techniques. Equally important, the fu- 
sion processor also eliminates many unwanted fusion products 
and the costly and time-consuming separation of fusion products. 

From these examples, it is clear that silicon micromachining 
is a powerful tool for fabricating microdynamic elements. Still, 
with few exceptions, it is limited either to building thin-film lami- 
nated structures or to etching cavities defined by the crystallo- 
graphic orientation of the silicon wafer. Wafer-to-wafer bond- 
ing introduces some additional flexibility into silicon 
micromachining, at the cost of complicating the process. 

A process called LIGA (a German acronym for LIthographie, 
Galvanoformung, Abformung—in English, lithography, elec- 
troforming, molding) could extend the range of batch-fabricated 
structures to truly three-dimensional structures. Developed at the 
Fraunhofer Institute for Microstructure Technology in Berlin and 
the Karlsruhe Nuclear Research Center in Karlsruhe, West Ger- 
many, the process fabricates metallic or polymeric microstruc- 
tures with lateral feature sizes as 
small as 2-3 pm, yet with heights 
of more than 100 pm. LIGA 
builds a mold for creating the 
microstructures using X-ray 
lithography and very thick 
resists, followed by plating with 
nickel or other metals. 

Other nonsilicon microma- 
chining techniques useful for 
fabricating microelectromechan- 
ical systems include molding, 
plating, single-point diamond 
machining, and electro-discharge 
machining (EDM). Harmonic 
wobble motors, demonstrated at 
AT&T Bell Laboratories and the 
University of Utah in Salt Lake 
City, are a type of electrostatic 
micromotor made with nonsili- 
con techniques. Since its rotor 
rolls inside a stator having a 
slightly larger bore diameter, it 
has an inherent gear reduction 
and reduced friction losses. 
Utah’s fabrication method is to 
co-extrude stainless steel wires 
covered with a polyethylene ther- 
moplastic. The resulting insulat- 
ed stator electrodes attract the 
rotor and cause it to roll inside 
the stator. University of Tokyo 
researchers have made harmon- 
ic wobble motors using disks or 
cones as the rotors. 


Flexure with 
implanted piezoresistors 
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Nonsilicon processes will also 
be crucial for physical intercon- 
nection of silicon microdynam- 
ic chips. Packaging such systems 
is more challenging than for 
microelectronics, because the en- 
vironmental requirements vary 
widely with each application and 
often are severe. In addition, the 
package is called upon to trans- 
mit mechanical as well as electri- 
cal signals. Development of flex- 
ible, cost-effective packaging 
technologies will probably pace 
the introduction of commercial 
applications. 


Materials measurements 


Although many of the 
mechanical properties of crystal- 
line silicon are well documented, 
the increasing variety of thin- 
film materials has made meas- 
urement of their mechanical 
properties an important activity. 
Young’s modulus, the ratio of 
the applied stress to the strain in 





[5] The University of California at Berkeley developed this poly- 
silicon microresonator for potential use in pressure sensors and 
accelerometers. The resonator is driven parallel to the plane of 
the substrate by applying voltages to the interdigitated capaci- 
tors. The structure is suspended 2 micrometers above the sub- 
strate by 200-um-long folded flexures. 
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expansion. Porous silicon is also 
under investigation. 

Active films, principally 
piezoelectrics, have been inte- 
grated into silicon microstruc- 
tures for both sensing and exci- 
tation through research over the 
past decade at Berkeley and the 
University of Twente. Recently, 
thin films of shape-memory al- 
loys (Nitinol) have been incorpo- 
rated into a surface-micro- 
machining process for use in 
microactuators at AT&T Bell 
Laboratories. 

The field of micromechanics, 
despite its many advances, is 
clearly in its infancy. The next 
decade will be an exciting time as 
researchers explore the micro- 
scopic world and commercial 
applications begin to emerge. 


To probe further 

A collection of IEEE papers 
on microsensors is due out this 
month in Microsensors, an 


a material, along with residual 
stress, are key parameters in the design and operation of 
microdynamic devices. 

Load-deflection characteristics have been measured in a num- 
ber of ways, including applying microprobes to directly deflect 
tiny silicon cantilever beams. Polyimide, polysilicon, and silicon 
nitride films have been studied by applying pressure to di- 
aphragms made of the materials. A method developed at MIT 
circumvents externally applied loads altogether; for films with 
a tensile residual stress, such as polyimide films, asymmetric struc- 
tures can be fabricated so that they displace on their own after 
release from the substrate. 

Workers at the University of Michigan in Ann Arbor have de- 
vised an inventive measurement technique, in which a suspend- 
ed microbridge is collapsed against an underlying electrode by 
electrostatic forces. The critical voltage at which this occurs, called 
the pull-in voltage, is conveniently measured by monitoring the 
capacitance between the microbridge and electrode. 

With growing interest in microdynamic structures, measure- 
ments of friction and wear are of great importance. AT&T 
researchers have measured the lifetime of a polysilicon turbine 
at three minutes when it operates at 300 000 rpm. They ran the 
device at up to 600 000 rpm by applying an air jet from a 
micropipette. These results and studies done at Berkeley and MIT 
indicate that friction and wear in microbearings are critical prob- 
lems in the design of microdynamic systems. 

Substantial work is under way to control the mechanical 
properties of microstructural materials. A prime example is work 
at the University of Wisconsin-Madison on how best to deposit 
and anneal polysilicon films so as to optimize their mechanical 
properties. A fine-grained, undoped polysilicon film with repro- 
ducible mechanical properties (Young’s modulus and residual 
stress) can be produced by low-pressure CVD at 590° C on ther- 
mal oxide. Annealing after deposition can either eliminate stress 
or, if desired, induce a moderate tensile strain. 

New materials with improved mechanical properties are being 
investigated for application to both surface- and bulk-micro- 
machined structures. IC Sensors has integrated polycrystalline 
diamond deposited by plasma-enhanced CVD into a silicon di- 
aphragm fabrication process. Diamond and diamond-like films 
have a strong appeal for microdynamics because they are hard, 
chemically inert, and resist wear. In addition, their high thermal 
conductivity may be of use in microactuators based on thermal 
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IEEE reprint volume edited by 
Richard S. Muller, Roger T. Howe, Stephen D. Senturia, Rose- 
mary L. Smith, and Richard M. White. It is available under cata- 
log number PC 02576 from the IEEE Service Center. Phone: 
1-800-678-4333. 

Technical publications in silicon micromechanics appear in the 
IEEE Transactions on Electron Devices, with the special issue in 
June 1988 being of particular interest. Sensors and Actuators (El- 
sevier: Lausanne, Switzerland) is the specialist journal in this field. 

An up-to-date overview of research progress can be found in 
the technical digests of the IEEE Solid-State Sensor and Actua- 
tor Workshop, held in June of even-numbered years since 1984 
in Hilton Head Island, S.C., and the IEEE Micro Electrc Mechan- 
ical Systems Workshop, held in Hyannis, Mass., in November 
1987 (as the IEEE Micro Robots and Teleoperators Workshop); 
Salt Lake City, Utah, in February 1989; and Napa Valley, Calif., 
in February 1990, with the next in the series to be held in Nara, 
Japan, in late January 1991. A series of International Confer- 
ences on Solid-State Sensors and Actuators has been held in June 
of odd-numbered years since 1981, with the most recent one held 
in Montreux, Switzerland (Transducers ’89). The next in the se- 
ries will be Transducers ’91, to be held in San Francisco. Contact 
Linda Reid or Karen Anderson at the University of California 
at Berkeley; 415-642-4152. 
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Looking over 
the horizon 


Advances in signal processing have made 
HF radar an operational reality 





ADVANCED TECHNOLOGY 


Like so many other technical ideas, over-the-horizon 
radar had to wait for the digital era before it could 
begin to reach its full potential. For about 30 years, 


alive solely by the desire of a country’s military forces 
to provide the best possible defense of its shores, and 
also to peek as far as it could beyond the borders 
of its adversaries. 

More recently, however, thanks to the processing 
power of modern computers and more especially digital signal 
processing (DSP) chips, over-the-horizon (OTH) radar has be- 
come an operational reality. Both the U.S. Navy and the U.S. Air 
Force have working units in place, with construction proceeding 
on others. Research and development in the technology is also 
being pursued in the United Kingdom, Canada, France, Austra- 
lia, the USSR, and China. 

And just as international tensions seem to be thawing, possi- 
bly reducing the need for defense systems, other applications for 
OTH radar have come to the fore, most notably the interdiction 
of drug traffickers and the monitoring of wind patterns over vast 
stretches of the ocean. 

Basically, OTH radar is able to see beyond the horizon because 
it uses the ionosphere to refract its waves back to earth. Where 
conventional microwave radar frequencies of 200-40 000 mega- 
hertz propagate right through the ionosphere, the lower frequen- 
cies used in OTH radar (3-30 MHz) interact with it in ways that 
can be exploited to provide radar coverage at distances of 500- 
2000 nautical miles (about 100-3500 kilometers). 

Of course, as with most technical developments, there are 
penalties associated with the use of the long wavelengths (10 to 
100 meters) of the high-frequency (HF) band. Antennas must be 
very large, 1000 meters or more in length. Spatial resolution is 
relatively coarse—on the order of tens of kilometers—compared 
to tens of meters for microwave radar. And the frequency band 
is densely occupied by a host of other services, such as short-wave 
radio. 

In addition, because OTH radar effectively looks down on its 
targets from the ionosphere, a large-amplitude backscatter echo 
from the earth (clutter) is produced at the same range as that of 
the desired targets. Also, because of the constantly changing na- 
ture of the ionosphere, the radar operating frequency and wave- 
form must be constantly adapted. 

On the other hand, some of these penalties have advantages 
hidden within them. The ocean backscatter is from water gravi- 
ty waves with dimensions comparable to those of the radar waves. 
Hence those water waves can be visualized and studied to pro- 
vide a sea and surface-wind diagnostic. 

Similarly, ships and large aircraft have dimensions that fall into 
the resonant scattering region. Since those craft are moving, their 
returns can be detected by measuring the frequency deviation 
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this conceptually simple—yet practically very re 
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(Doppler shift) they cause in the reflected wave. 

It is also possible that OTH radar may prove to 
be valuable for detecting stealth aircraft, which were 
designed to have very small radar cross sections as 
seen by conventional microwave upward-looking 
radar. Many radar cross-section reduction tech- 
niques are, at least coarsely, frequency dependent. 
Methods that defeat microwave radar may not be 
effective at HF. At HF, aircraft radar cross section 
is much more dependent on gross target dimensions 
than on detail in shape. 


In the beginning 

Although radar is associated with microwaves, the earliest radio 
echo-location systems were the HF sounders used in the 1920s 
to measure the height of the ionosphere. The original aircraft de- 
tection radars installed by the British in the late 1930s were also 
located at the high end of the HF band because components were 
not readily available for shorter wavelengths. 

Over-the-horizon radar could be said to date from those early 
days because, at times, communications experimenters detected 
earth backscatter via oblique ionospheric paths. Even earlier, in 
the 1920s, they noticed that if a series of Morse code dots was 
transmitted, “backsplash” could sometimes be detected by the 
receiver—backsplash that had a time delay corresponding to the 
estimated path length of the waves. By the end of World War II, 
those observations resulted in several plans to extend the range 
of radar by using ionospheric refraction. 

Generally, those early post-war programs produced less than 
satisfactory results because they lacked adequate means for de- 
tecting targets buried in clutter, always a feature of a downward- 





Defining terms 


Backscatter: energy reflected in a direction opposite to that 
of the incident wave. 

Clutter: backscatter from the earth’s surface. 

Coherent processing: echo integration, filtering, or detection 
of a received signal using a coherent local oscillator—that 
is, one whose phase relationship with respect to the trans- 
mitter is fixed. 

Matched filter: a receiver filter whose impulse response is the 
time inverse of the transmitted waveform. Equivalently, the 
filter’s frequency response is the complex conjugate of the 
transmitted spectrum. 

Radar cross section: a measure of the reflective strength of 
aradar target, usually measured in square meters and defined 
as 4 times the ratio of the power per unit solid angle reflected 
by the target to the power per unit area incident upon it. 
Skywave: a radio wave propagated towards, and returning 
from, the ionosphere. 

Vertical sounder: a radar-like instrument that determines the 
effective (virtual) height of the ionosphere by measuring the 
time required for a signal to bounce off it and return. 
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[1] Over-the-horizon radar range is controlled by varying the 
launch angle and the frequency of the transmitted beam. The 
lower sketch shows how three different frequencies, fl, f2, and 
J3, could be chosen to provide coverage between 500 and 2000 
nautical miles. Though exaggerated in the drawing, the launch 
angles are typically less than 25 degrees and frequently below 5 
degrees. The photograph shows the U.S. Navy’s Relocatable Over- 
The-Horizon Radar receiving antenna (above). 


looking radar. By the mid-1950s, many were winding down, not 
least because no accepted threat required such long-range sensors. 

At about the same time, interest in the application of new 
signal-processing techniques and technology to radar was increas- 
ing at the U.S. Naval Research Laboratory (NRL) in Washing- 
ton, D.C. An area of particular promise was the use of matched 
filters in combination with coherent processing times many se- 
conds in duration. Matched filters had been theoretically shown 
to offer the best possible signal-to-noise performance, and be- 
cause coherent processing time is the reciprocal of filter band- 
width, the combination could reasonably be expected to provide 
Doppler filters with subhertz bandwidths. 

Because of the relatively coarse range resolution of HF radar, 
it is necessary to rely on very fine Doppler filtering to separate 
targets from one another on the basis of slight differences in their 
speeds. 

The state of technology in the 1950s was such that the HF band 
was the highest one for which components were available that 
would permit experimental verification of those new ideas—a sit- 
uation reminiscent of the reason for early radar frequency selec- 
tion. More important, HF offered the possibility of increasing 
detection distance on near-surface targets by orders of magni- 
tude through the use of ionospheric refraction—in other words, 
it might lead to an OTH radar. 

In some modest experiments, HF radar backscatter echoes were 
examined with a radar having a very stable, low-noise transmit- 
ter. Narrowband filter processing of the returns indicated ade- 
quate path stability for detection of aircraft amplitude echoes 
when the target’s relative velocity—its velocity component in the 
direction of propagation of the radar beam—was large enough 
to allow it to be distinguished from the clutter because of its Dop- 
pler shift. 

However, the earth-surface echo seen by a skywave path was 
at a very high amplitude compared with that anticipated from 
an aircraft target, which meant that challenging dynamic-range 
problems were to be expected in the receiver and signal processor. 
Indeed, clutter-to-signal ratios in excess of 60 decibels are com- 
mon in these systems. 
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Largely because of the signal-processing problems, the con- 
sensus of the radar technical community in the 1950s was against 
continuing HF radar research. Despite that attitude, and despite 
many acknowledged and formidable technical difficulties, the 
early experiments did show that OTH radar in the HF band was 
feasible. 

Therefore, NRL went ahead, designing and building an ex- 
perimental radar in 1961 that could detect and track aircraft out 
to ranges of 2000 nmi across the Atlantic. That experimental radar 
had no digital componentry or processing. It used vacuum tubes 
and analog components exclusively, and it required real skill to 
operate. 

The main factor behind its success was its proper exploitation 
of Doppler signal processing. Its analog signal processor com- 
ponents could only handle a dynamic range of 30 dB, which 
meant that clutter filters had to be used prior to processing, limit- 
ing that radar to aircraft detection. (Ships move too slowly for 
their returns to pass through the clutter filters.) 

Other HF radars followed. Among them, they demonstrated 
most of the capabilities of HF radar by the early 1970s. Those 
capabilities included ballistic missile launch detection, aircraft 
and ship detection and tracking, and ocean storm tracking. 

Also in the late 1960s and early 1970s, the use of relatively high 
resolution in both the range and azimuth dimensions and the abil- 
ity to perform automatic detection and tracking of aircraft and 
ships were demonstrated by several experimental programs. These 
were carried out under the sponsorship of the Air Force Systems 
Command, the Office of Naval Research (ONR), and the Ad- 
vanced Research Projects Agency (ARPA, now Darpa). Opera- 
tional radars for aircraft and ship detection and tracking could 
have been realized then if needed. 


Tonospheric variations 


A major difference between HF skywave radar and conven- 
tional line-of-sight systems is the need to adapt the waveform and 
frequency of the former to the environment. The ionization of 
the upper atmosphere due to solar activity is what makes sky- 
wave transmission possible. Unsurprisingly, therefore, the elec- 
tron density is much greater in daylight. In addition, seasonal 
and long-term (11-year and longer) cycles occur, along with a su- 
perimposed random component. 

The electron density distribution in the ionosphere is what 
mainly controls radio wave transmission. When an oblique- 
incidence wave travels through an electron density gradient that 
increases with altitude, its path is bent away from the vertical. 
If the gradient is large enough, the wave will reflect back to earth 
at a long distance [Fig. 1]. The lower the radio frequency, the more 
easily the wave will be bent—that is, the smaller the required gra- 
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dient. Launch elevation angles are typically in the range of about 
1 degree (for maximum range) up to 25 or 30 degrees. For angles 
much greater than those, the propagating waves will penetrate 
the ionosphere. Hence, there is always a skipped zone of cover- 
age within which an OTH radar cannot be used. 

Even though there is no incident solar radiation at night, the 
ionization never decays completely—that is, there is always an 
ionosphere. So if one has complete freedom in frequency selec- 
tion, it is always possible to illuminate the earth beyond the 
horizon. 

The altitude region occupied by the ionosphere, while not con- 
stant, does not exhibit the extremes in variability shown by elec- 
tron density. Because the height of maximum electron density 
varies only modestly, the potential area of earth surface covered 
by one refraction (hop) is reasonably constant even with density 
changes. 

However, the frequency required to optimally illuminate a given 
area varies with changes in electron density and cannot be predict- 
ed precisely. Operating an OTH radar requires a real-time evalu- 
ation of the ionospheric path for frequency selection. That evalu- 
ation is carried out by a vertical sounder, an oblique sounder, 
and the radar itself. 

Meanwhile, a separate receiver monitors channel occupancy 
in the HF band to see which channels are available. One of the 
unoccupied channels that falls in the optimal band can then be 
chosen for operation. To adapt to the environment over all times, 
a range of approximately 5:1 in operating frequency is required. 


Applying digital technology 

The initial MAgnetic Drum REcording (Madre) radar used by 
the Naval Research Laboratory in the 1960s to show off many 
of the HF radar possibilities was, in some ways, a simple system. 
Its single receive channel was processed through a 4-kilohertz fil- 
ter bandwidth, resolving the system’s processed range of approx- 
imately 500 nmi into about 20 range gates. Since the analog pro- 
cessing circuitry lacked enough dynamic range to handle both 
the desired target returns and the large sea echo, the receiver out- 
put was passed through a clutter rejection comb filter (one with 
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[2] Any aircraft approaching 
the east coast of North Ameri- 
ca from Greenland to Cuba 
can be seen on this display 
from the US. Air Force’s AN/ 
FPS-118 over-the-horizon 
radar. Different colors and 
symbols differentiate among 
target types. A red box with an 
Hin it designates a potentially 
hostile aircraft, whereas an F in 
a white box defines a target 
that has been identified as 
friendly and probably has been 
matched with a flight plan. 


notches at multiples of the ra- 
dar’s pulse repetition rate) to 
limit its dynamic range before 
it was processed. 

Conceptually, the processing 
was done by a bank of filters, 
each with a bandwidth of less 
than a hertz. Actually, that 
function was carried out by a 
novel method of analog sam- 
pling and time compression 
using a magnetic drum, from 
which the radar got its name. 
The signal samples were 
recorded on the drum spatial- 
ly packed and then read off 
some 83 000 times faster through a scanning narrowband filter. 
The time compression permitted using one scanning filter in place 
of a bank of narrow bandpass filters. 

The original Madre signal processor occupied some eleven 6- 
foot (about 2-meter) relay racks. It required knowledgeable at- 
tention in setting levels throughout; and it could not detect the 
slower targets because they were rejected by the clutter filters. 

The processor was replaced in the late 1960s by a hybrid analog- 
digital design that had sufficient dynamic range to process both 
targets and clutter. However, the hardware was even larger and 
heavier than the original Madre, and the system’s digital magnetic- 
core memory was larger than the analog drum recorder. (Today, 
an inexpensive PC and a DSP chip can be programmed to out- 
perform both of those early processors.) 

To obtain the required signal purity, the Madre radar used crys- 
tal oscillators for signal synthesis, but adapting those oscillators 
to aconstantly changing, user-filled spectrum was cumbersome 
and not altogether successful. Today, computer-controlled fre- 
quency synthesizers have signal-to-noise ratios comparable to 
those of the old crystal oscillators; yet they can switch frequen- 
cies almost instantaneously, and spectrum analyzers can be pro- 
grammed to identify unoccupied channels. The two technologies 
can be combined to make frequency selection automatic. 

Digital technology has also had an important effect in the relat- 
ed areas of environment assessment and system flexibility in wave- 
form and frequency selection with automatic calibration. The 
former enables real-time evaluation of the ever-changing trans- 
mission path and band occupancy, while the latter permits nearly 
instantaneous adaptation to the changing environment. 

Computers also make a major contribution by automating tar- 
get detection and tracking, which permits wide-area surveillance 
with a reasonable number of operators. 

Advances in power amplifiers and antennas have also benefited 
HF OTH radar. Modern radars survey a broad area by sequen- 
tially stepping in azimuth and range. The range steps are accom- 
plished by changes in frequency, while steps in azimuth depend 
mainly on phase changes for beam steering, but may require fre- 
quency changes as well. Clearly the transmitter of an OTH radar 
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must be able to change its frequency almost instantly. 

Wideband, linear, vacuum-tube transmitters with reasonable 
efficiency first became available in the 1970s. Before, either low- 
efficiency distributed amplifiers or narrowband amplifiers were 
used. Now solid-state amplifiers with very wide passbands and 
high power levels are available. 

The Madre antenna built in 1961 covered only a 2:1 frequency 
range, and its element lengths had to be mechanically adjusted 
for large frequency changes. Since the high-power final transmit- 
ter amplifier employed tuned narrowband circuits, antenna 
matching networks had to be adjusted for each change in steer- 
ing angle or step in frequency. Today there are broadband 
frequency-independent antennas and computerized means for 
analyzing the behavior of phased arrays. For their oblique sound- 
ers, operational OTH radars in the United States use log period- 
ic antennas capable of covering the entire HF frequency band. 

All of these technological advances have made HF OTH ra- 
dars easier to design and enhanced their performance. However, 
the single most important factor has been the orders-of- 
magnitude reduction in size, weight, and especially cost made pos- 
sible by advances in digital signal and data processing. 


Several systems 


In US. Air Force and U.S. Navy OTH radars today, a set scans 
over about 60 degrees in azimuth in eight illumination sector 
steps: the transmitter covers the field with eight beams. The 
Relocatable OTH Radar (Rothr) receiver has 16 beams per trans- 
mitter sector step. The range coverage lies between 500 and 2000 
nmi. 

A system for covering 180 degrees of azimuth would take three 
radar sets. The area surveyed by scanning a 500-nmi-deep barri- 
er over 180 degrees is more than 2 million square nautical miles, 
and that area can be divided into some 150 000 range-azimuth- 
Doppler resolution cells. 

OTH radars in the United States typically operate in the FM- 
CW mode to maximize their average power. Since the transmit- 
ter is always on, the receiver must be located away from it for 
overload protection. Separation distances are dependent on the 
terrain, usually on the order of 80 to 160 km. 

The U.S. Navy is in the process of testing the AN/TPS-71 Rothr, 
which can be transported to, installed, and put in operation at 
a previously prepared site in a matter of weeks. 

An important task of the Rothr is to provide to Naval forces 
the tracks of approaching aircraft while the targets are still at a 
long distance. It can be used for: surveillance and tracking over 
a selected wide area; spotlighting regions of special interest; and 
assessing raid size. The Rothr system was designed and construct- 
ed by Raytheon Co., Lexington, Mass., and was installed and suc- 
cessfully tested at a site near Norfolk, Va. 

The radar can be thought of as three distinct equipment sub- 
sets: those at the transmitter site, those at the receive site, and 
those at the Operations Control Center (OCC), which can be lo- 
cated at the receive site. 

The US. Air Force recently completed acceptance testing of 
its first AN/FPS-118 OTH radar, which was designed, construct- 
ed, and installed in Maine by General Electric Co., Schenectady, 
NY. A second system on the West Coast is undergoing evalua- 
tion right now, and the others are in the planning stage. The AN/ 
FPS-118 features a readily comprehensible display that makes 
good use of color to distinguish different target types [Fig. 2]. 

The Australian Defense Science Technology Organisation has 
been experimenting for more than a decade with its Jindalee 
radar. The name Jindalee comes from the Aboriginal word for 
“barebones’’—an appropriate term for the austere first phase of 
the program. But now a first radar has been in a quasi-operational 
status, and Australia plans a network of HF OTH radars to fur- 
nish a large part of its long-range surveillance. The United States 
provided considerable assistance in the early stages of Jindalee; 
not surprisingly, therefore, the Australian radar has some fea- 
tures that are quite similar to those of U.S. radar equipment, most 
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notably in the antenna and in the linear FM waveform. 

For several years now, the Jindalee radar has also provided the 
Australian weather services with data on sea surface winds based 
on examination of the spectrum of the sea echo. Wind direction 
data derived from the U.S. Navy’s Rothr has been shown to com- 
pare favorably with Fleet Numerical predictions. 

In the late 1970s, many high-level radar-like signals were noted 
and traced to approximate sites within the Soviet Union. The sig- 
nals used a bi-phase shift, pseudo-random type of pulse modu- 
lation. Analysis of the frequencies used suggests that the prima- 
ry mission of the radar is the detection of U.S. ballistic missile 
launches. 

The waveform used by the high-level signals had substantial 
frequency sidelobes, which spread over many conventional HF 
channel assignments and consequently interfered with many other 
services. In contrast, U.S. systems must plan to operate with wave- 
forms and frequencies so as not to interfere with existing HF- 
band users. Experience with ‘U.S. systems indicates that 
interference-free operation can generally be achieved. 


Many technologies 


Radar technology is often labeled as “mature,” and indeed the 
basic idea of echo location is old. However, recent progress in 
the field has resulted more from the application of many tech- 
nological developments than from a better understanding of radar 
fundamentals such as radio wave propagation or information the- 
ory. It is expected that radar capabilities will continue to improve 
as ever newer technologies become available, and as understand- 
ing of the environment increases. 

For example, continued development in integrated circuits and 
in complex software will lead to improved processing capability, 
especially in trackers, where orders of magnitude improvement 
in system sensitivity is possible. Transmitters and transmitter an- 
tennas may also experience a radical increase in capability when 
digitally switched power supplies are used to put the desired cur- 
rent directly into each antenna element. 

Continuing progress in gaining a better understanding of the 
ionosphere and transmission through and scattering from its ir- 
regularities are expected to advance actual performance. 


To probe further 

Only one book is devoted exclusively to over-the-horizon radar, 
Fundamentals of Over-the-Horizon Radar, in Russian, edited by 
A.A. Kosolov, Radio i svyaz, 1984. A translation by W.F. Bar- 
ton was published by Artech House, Norwood, Mass., 1987. 

Coverage of the field is also provided in Chapter 24 of the 
Radar Handbook, edited by M.I. Skolnik, 2nd edition, McGraw- 
Hill, New York, 1990. Chapter 24, “HF Over-the-Horizon 
Radar,” by the current author, J.M. Headrick, contains abun- 
dant practical design data. 

For a complete history of the Jindalee system, see “The De- 
velopment of Over-The-Horizon Radar in Australia” by D.H. Sin- 
nott, included in the Defense Science Technology Organisation’s 
Bicentennial History Series, Australian Government Publishing 
Service, Salisbury, 1988. 

The detection of ships at sea is covered by a guest editorial and 
several invited papers in JEEE Journal of Oceanic Engineering, 
Vol. OE-11, April 1986. 

“Over-the-Horizon Radar in the HF Band,” Proceedings of 
the IEEE, Vol. 62, pp. 664-73, June 1974, by J.M. Headrick and 
M.I. Skolnik, provides a solid theoretical backgrounder on the 
technology. 
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Toward more compatible 
human-computer interfaces 


Task analysis and rapid prototyping help 
computer engineers refine their products 


SOFTWARE 


As a larger and more varied mix of people begins 
to use personal computers, and as the competition [iii 
for their business picks up, the need to improve the 
usability of human-computer interfaces becomes 
more urgent. Human factors—the study of what 
human characteristics imply for the design of equip- 
ment and systems intended to be used by people— p= 
play a key role in ensuring an effective interface. 

Some features of the interaction are relatively well 
understood, especially those that human-computer 
interfaces share with hardware systems in general. But others, es- 
pecially those that are more specific to computers, are not. Take 
menus and command languages, for instance [see “Defining 
terms,” this page]. Menus may be preferred to command lan- 
guages in some situations but not all, and for either input mode, 
design issues often have to be resolved on the basis of expert judg- 
ment. In menu design, depth must be traded off against breadth, 
and decisions made on how to name menu items. Similarly, in 
devising a command language, the names of commands and the 
syntax must be decided. Tradeoffs are involved in choosing scroll- 
ing versus paging, and it is often not clear how best to name pro- 
grams, functions, and files. 

These issues and others like them are being investigated with 
a view to developing general principles of interface design. As 
yet, though, guidelines are not sufficiently well developed to ob- 
viate all need for experimentation and adaptation. Current good 
practice is based on guided evolution, an iterative approach to 
the design process, abetted by the know-how that is accruing in 
the technical literature and among workers in the human factors 
field. 


Designing flexibly 

Guided evolution, or iterative design, guarantees design flexi- 
bility by intentionally leaving some system options open during 
the early stages. Then at a later point those interface features and 
functions can be selected in terms of how the user reacts. Two 
types of activities can facilitate this process: task analysis and 
rapid prototyping. 

In task analysis, the designer develops a detailed understand- 
ing of the tasks the prospective user must perform and of how 
the system under development will help in their performance. 
Typically, in-house tools are used for task analysis. As an ongo- 
ing process, task analysis not only lays out in detail the task as 
initially understood but also tracks the way it changes as the user 
acquires new capabilities with growing familiarity with the sys- 
tem. This analysis can also help determine training requirements 
and staff levels for systems under development. 

Rapid prototyping software tools quickly simulate some or all 
features of an actual interface. Because they serve a wide range 
of computing environments, they vary widely in their capabili- 
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ties. Three packages representative of those used in 
industry and government for large system develop- 
ment on engineering workstations are: the Sherrill- 
Lubinski Graphical Modeling System (GMS) from 
Graphical Modeling System Corp., Madera, Calif.; 
Virtual Avionics Prototyping System (VAPS) from 
Virtual Prototypes Inc., Montreal, Que.; and Lock- 
heed User Interface System and Softcopy Map Sys- 
tem (LUIS/SMS) from Lockheed Missiles & Space 
Systems Co., Austin division, Austin, Texas. Any 
evaluation of such prototyping tools must take into account that 
they differ in many ways. The three mentioned above were evalu- 
ated by Donna Cuomo and Jane Mosier of the Mitre Corp., Bed- 
ford, Mass., in the table on p. 43, in terms of 11 features. 

Other rapid prototyping tools include Demo II, Prototyper, 
and SuperCard. The first is for IBM PCs and compatibles, while 
the other two are for Macintosh computers. 

Demo II can be used to demonstrate the operation of a pro- 
gram in a microcomputer, minicomputer, or mainframe using 
IBM’s Common User Access standard for System Application 
Architecture. The program allows designers to test interfaces and 
functions with users without writing any code. Designed by Daniel 
Bricklin, the software is marketed by Sage Software, Beaverton, 
Ore. 

Prototyper 2.0 is an integrated user-interface builder, simula- 
tor, and code generator. A designer interacts with the Macintosh 
mouse to create an interface. Once the interface is complete, the 
program generates custom-formatted source code. The program 
is sold by Now Software Inc., Portland, Ore. The other Macin- 
tosh tool is particularly well adapted to interfaces that give users 
the feel of directly manipulating images onscreen. Produced by 


























Defining terms 


Bit-mapped graphics: a method of representing data in acom- 
puter for display in which each dot on the screen is mapped 
to a unit of data in memory. 

Command languages: software in which commands are typed 
in, rather than selected from, a set displayed on the screen. 
Dialog box: a rectangle that appears onscreen prompting the 
user to enter data or mutually exclusive selections. 

Icon: a small graphic image on a computer screen that 
represents a function or program. 

Menu: a list of command options currently available to the 
computer user and displayed onscreen. 

Menu trees: successions of menu displays that become more 
detailed. 

Multimedia: software that permits a mix of text, speech, and 
static and dynamic visual images. 

Pull-down menu: a menu that appears onscreen when ac- 
cessed by a cursor placed on a box or bar at the top of the 
display. 

Window: a rectangular onscreen image within which the user 
accesses particular features of a system. 
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Silicon Beach Software Inc., San Diego, Calif., it can also con- 
vert a prototype design into a runnable application program. 

At the prototype stage, it sometimes makes sense to have some 
functions of the ultimate system performed by people, without 
the knowledge of the user. This inverse simulation, in which a 
person mimics the planned performance of a machine, was em- 
ployed in the early 1980s by John Gould, a researcher at the IBM 
Corp.’s Thomas J. Watson Research Center, Yorktown Heights, 
NY. 

Gould wanted to determine how many words a speech recog- 
nition system needed to identify and how long a pause between 
words users could tolerate. So he asked users to sit before a mon- 
itor and treat it as a listening typewriter. However, a well-trained 
typist was sitting in another room listening and ready to enter 
what was said. Thus, when a user said a sentence, it would usually 
appear onscreen. But if the words spoken were not in a previ- 
ously selected vocabulary, or were not adequately separated, they 
would not show up. Gould concluded that for a listening type- 
writer, isolated-word speech with large vocabularies, such as 1000 
or 5000 words, could be nearly as good as connected speech sys- 
tems for some applications. 


Evaluating product design 


Just as the process of designing interfaces must be dynamic, 
the evaluation of a product design as it is evolving should be on- 
going, and the results constantly fed back into the design. Given 
the ability to build prototypes quickly, the challenge is to evalu- 
ate them cost-effectively enough and fast enough for the results 
to influence later design decisions. Otherwise, without informa- 
tion and feedback from potential users, the designer may make 
mistakes about what they will find important. The point is illus- 
trated by the experience of Nicholas Simonelli and James Galam- 
bos of Prodigy Services Co., White Plains, N-Y. They helped de- 
sign an on-line system that provides retail personal services 
through interactive software that runs on a personal computer. 

On their system, a customer can order compact discs by select- 
ing the artist or group either by scrolling the list and pointing 
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This very large-scale 
integrated circuit 
(VLSI) design is for a 
programmable logic 
array for a network 
controller. The inset 
map in the upper right- 
hand corner displays 
the entire circuit, while 
the white-bordered 
box indicates the por- 
tion that is enlarged on 
the display. The soft- 
ware is Magic, a VLSI 
design tool developed 
at the University of 
California at Berkeley. 


or by typing in the artist’s name; in either case, the selection of 
discs in stock then appears. If a customer who chose the typing 
method misspelled a name, the system was at first programmed 
to move down the alphabetically ordered list to the space just 
below the misspelled entry, leaving the correct entry often one 
line above the top of the display and the user confused because 
he does not see his request. 

To resolve the problem, the analysts first considered match- 
ing the first n characters of the typed entry with the list entries 
and picking the most nearly identical. They found that best per- 
formance was achieved by searching only the first three charac- 
ters of the entry. On a representative sample of entries, match- 
ing on five, four, and three characters produced 50, 25, and 8 
percent errors, respectively. However, they chose a variation of 
the original method—placing the entry below the misspelled one 
in the middle of the displayed set—because it proved to require 
less processing time. 

Several methods are used for evaluating prototypes. These 
range from qualitative assessments by hands-on users or observers 
to the use of benchmark tests (which in human factors parlance 
refers to measurements of the speed and accuracy with which a 
person performs standardized computer-aided tasks with a specif- 
ic interface). Analytic modeling of the sequential and interac- 
tive constraints of tasks with two or more components can also 
provide a useful evaluation tool. 

Evaluation criteria include: what the interface, and the system 
more generally, permit the user to do; how satisfied the user is; 
and how long it takes a person to learn to use the system to some 
specified efficiency level. Another criterion is how fast bench- 
mark tasks can be performed. Also important are the robustness 
of the system under stress, error rates, and error costs. 

For companies such as IBM Corp., Digital Equipment Corp., 
and Hewlett-Packard Co., interface software is a major compo- 
nent of their business. Being multinational companies, they are 
therefore working toward establishing global measures of inter- 
face performance with which to gauge the merits of different 
designs. 
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Some companies such as IBM, DEC, Xerox Corp., and NCR 
Corp. have also established usability laboratories, in which poten- 
tial users of a system can interact with a prototype at various 
stages of its development. Typically these people are given the 
same training and documentation as are intended for the final 
users. Performance measures, often including videotaped records 
of work sessions, are obtained and the results used to guide fur- 
ther design. 


Rules of thumb 


System developers recognize a variety of principles as applica- 
ble to interface design in general, independently of the antici- 
pated end use. To enlarge on the list in the table on this page, these 
include: 
© Making it difficult to do something disastrous inadvertently, 
like deleting files unintentionally. Many systems require the user 
to confirm explicitly a request to delete a file and call the user’s 
attention to the nature of the request made. Some also include 
a “nullify” or “undo” command, which permits retraction. 

e Giving the interface user the feeling of directly manipulating 
the entities of interest, rather than of instructing the computer 
system to accomplish desired tasks. The stuff of typical direct- 
manipulation interfaces includes the mouse, track ball, joy stick, 
and touch screen; the high-resolution bit-mapped display; and 
icons that represent files, documents and other objects, or actions. 
© Modularizing applications in terms of users’ tasks. For exam- 
ple, users wishing to print a document want the what-you-see- 
is-what-you-get kind of copy and not a separate procedure for 
formatting the display. 

¢ Using simple metaphors to communicate task organization. The 
Xerox Star introduced the concept of the computer screen as a 
desktop on which the user manipulates documents, files, and 
folders; the Apple Lisa added the handy trash basket, the icon 
for deleting files or other stored information. Similar metaphors 
are those of actor-on-a-stage and rooms-in-a-house. 

e Allowing interactive access only when needed. In the 1970s 
menu trees often had to be traversed through an extended suc- 
cession of screens. Today it is much easier to “bury” that com- 
plexity. The Macintosh, for example, uses a menu bar—a sequence 
of top-level menu selections always visible across the top of the 
screen—and pull-down menus that appear when one points and 
clicks on an item on the menu bar. When the selections under 
the menu bar do not sufficiently delimit the choices or the user 
must define specific attributes of the selection, it uses dialog 
boxes. 

¢ Helping the user “navigate” within the information available. 
Typically when users interact with a computer-based system, they 
see displayed only a small portion of the available information 
of interest. This can create the problem of keeping their place 
in, or “navigating,” the information space. 


Some basic human factors design principles 
aaa) | Example 


Make it hard for the user inadvertently to 
cause a disaster 


Let the user feel he or she is doing the 
desired tasks directly rather than instruct- 
ing the computer system 


Modularize applications in terms of users’ 
tasks, not programming convenience 
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Use simple metaphors to explain task 
organization 
and folders 






mation available 
rest of the screen 









Allow recovery from unintentional file 
deletion 


Enable direct manipulation of objects (such 
as selecting and moving icons with a mouse) 


Show the text as it will be printed with- 
out requiring a separate procedure for for- 


Equate the computer screen to a desktop, 
on which users manage documents, files, 


Limit interactive access to when itis needed | Presentamenu bar with various selections 
to obviate traversing successive screens 


Help the user ‘‘navigate”’ within the infor- | Give the global view in a small window, 
showing the text or image of interest in the 


At Bellcore, Morristown, N.J., Thomas Landauer and his col- 
leagues, George Furnas and Joel Remde, have developed a tech- 
nique for giving the user a “fish-eye view” of electronic text, which 
lets him or her focus on an area of interest without forgetting 
where that area fits within the document’s overall organization. 
A window shows a partial table of contents with an arrow in- 
dicating which section the main display represents. 

An analogous problem is maintaining one’s orientation when 
viewing magnified regions of a very large-scale integrated (VLSI) 
circuit design. For a VLSI circuit, the designer views different 
parts of the IC at various magnifications, and moves from a dis- 
play of a circuit segment shown at one scale to another at a differ- 
ent scale. Some systems help the user stay oriented on a display 
of an IC section by overlaying a small inset map of the entire cir- 
cuit [see figure on p. 41]. 

Many of these design principles have been applied in the 
multitasking application software called “Rooms,” which Stu- 
art Card and Austin Henderson developed at the Xerox Palo Alto 
Research Center in California. Each of the rooms represents a 
different working context and has a set of interactive display win- 
dows and tools associated with a task or project. To move from 
one room to another, the user sets the mouse cursor on the icon 
of labeled “doors” accessible from each room, and then presses 
the mouse key. Tools referred to as “baggage” are applicable to 
more than one room, but can be displayed in a different loca- 
tion or form in each. 

According to Card, people typically define three kinds of 
rooms: task rooms, for activities such as generating and manipu- 
lating electronic mail; project rooms, for writing or programming; 
and management rooms, for monitoring systems or managing 
files. 


Balancing needs 


One of the most enduring challenges has been to design inter- 
faces that meet the needs of both novice and experienced users. 
Beginners need a great deal of structure, walk-through procedures, 
and on-line assistance, and prefer selecting alternatives on the 
screen to typing in commands. Experienced users need less struc- 
ture and system-volunteered assistance and may often prefer to 
type commands. 

Less obviously, expertise with respect to a given system can vary 
in the same person. Any single user can be an expert with respect 
to some features and a novice with regard to others, and that ex- 
pertise can rise or fall over time depending on regular or sporadic 
use. So what is needed is an approach that will accommodate 
all levels and mixes of know-how and make it easy for users to 
increase their degree and breadth of expertise. 

Menu-driven systems typically provide novices with structure 
and guidance on available options. Many action options on the 
menus, however, may also be exercised by typed commands 
(usually two or three key strokes), so experienced users 
can save time if they know the commands. A helpful 
feature in some systems is the display of these 
mnemonic keystroke combinations that code the com- 
mands on the menu along with the commands them- 
selves. 


Looking ahead 


What will future systems be like? Computer tech- 
nology now opens up possibilities for multimedia, dy- 
namic, interactive ways of representing information 
that were not feasible before, and these possibilities 
will be extended in the future. More effective ways of 
getting information from the user to the computer are 
also on the way, such as speaking, grasping, and sim- 
ply looking. For instance, eye fixation and eye move- 
ments may be monitored and used as input signals to 
make menu selections or to indicate desired actions 
in other ways. 

Systems will present information in an abundance 
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of representational forms, mingling text 
and speech and other sound with still and 
moving images and enabling users to ex- 
plore large information stores dynami- 
cally and interactively. 

In the near future, visual display tech- 
nology is likely to advance on several 
fronts involving liquid-crystal and elec- 
troluminescent displays. Within the next 
decade or so, high-resolution color mon- 
itors with three-dimensional graphics 
should become widely available. High- 
definition, flat-screen television receivers 
promise large wall-mounted displays and 
are also likely to be a reality soon. 

At the other extreme are three-dimen- 
sional and volumetric displays that may 
be worn on the head or attached to spec- 
tacles. Experimentation with head- 
mounted displays includes work on “ar- 
tificial realities’’—simulated environ- 
ments, in which one interacts with the 
simulated entities much as with their 
counterparts in the real world—moving 
about, looking at objects from different 
viewing positions, picking things up, 
moving them around, and so forth. 

One such “goggle-and-glove” interface 
is being applied to robotics by the Na- 
tional Aeronautics and Space Adminis- 
tration, according to Ann Lasko, design manager for its maker, 
VPL Research Inc., Redwood City, Calif. It is also being tried 
out for surgical simulation by the Veterans Administration, for 
instrument design by Boeing Co., and for visualization of ab- 
stract data by insurance companies, she said. 

As systems become ever more versatile and are used by ever 
more people, issues of interface design and information represen- 
tation will make an ever more important contribution to inter- 
active computer-based systems’ effectiveness. 


Rapid prototyping tool 


design and test cycles 


from digital data 


variable data 


Technical support 





vice at a time 


keys) 


Source: Mitre Corp. 


To probe further 

Useful references are the four-volume Engineering data com- 
pendium: Human perception and performance, edited by K.R. 
Boff and J.E. Lincoln, and published in 1988 by Armstrong Aero- 
space Medical Research Laboratory, Wright-Patterson Air Force 
Base, Ohio, and Handbook of Human-Computer Interaction, 
edited by M. Helander and published in 1988 by Elsevier Science 
Publishers Co., Amsterdam, the Netherlands. Especially help- 
ful is Section II: “User interface design,” pp. 203-540. 

Three books that describe human factors in interface design 
are: Applying Cognitive Psychology to User-Interface Design, 
edited by Margaret Gardiner and Bruce Christie, John Wiley & 
Sons, New York, 1987; Using Computers: Human Factors in In- 
formation Systems by Raymond S. Nickerson, MIT Press, Cam- 
bridge, Mass., 1986; and User Centered System Design: New per- 
spectives on human-computer interaction, edited by Donald A. 
Norman and Stephen Draper, Lawrence Erlbaum Associates, 
Hillsdale, N.J., 1986. 

Human-computer interaction is a journal of theoretical, em- 
pirical, and methodological issues of user psychology and sys- 
tem design, published by Lawrence Erlbaum Associates. 

The Special Interest Group on Computer-Human Interface 
(SIGCHI) of the Association for Computing Machinery, New 
York City, sponsors an annual conference. CHI ’90 was held in 
Seattle, Wash., during April 1-5. The proceedings are available 
for nonmembers from Addison-Wesley Publishing Co., Reading, 
Mass.; 800-447-2226. CHI ’91 will be held in New Orleans, La. 
Contact: Keith Butler, Boeing Advanced Technology Center, M/S 
7L-84, Box 24346, Seattle, Wash. 98124; or John Thomas, Direc- 
tor, AI Lab (OG4), Nynex Science & Technology, 500 Westchester 
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Prototyping: facilitation of iteration of 


User interaction features (such as pull- 
down menus, icons, and windows) 


Support for map displays produced 


Provision for experimental data collec- 
tion (such as keystroke sequences) 


System response speed 


Possibilities for display changes to ac- 
commodate independently supplied | 


Ease with which unanticipated new 
capabilities may be added 


Support for more than one display de- 


Portability among host computers 


Support for more than one input device 
(mouse, trackball, or special-function | 
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Evaluation of three rapid-prototyping tools for large systems 
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Ave., White Plains, N.Y. 10604. 

The Human Factors Society also sponsors an annual confer- 
ence, the Human Factors Society Annual Meeting. The one this 
year will be held Oct. 8-12 at the Stouffer Orlando Resort in 
Orlando, Fla. Proceedings of the meeting will be available at the 
conference and by ordering from the society. Contact: Human 
Factors Society, Box 1369, Santa Monica, Calif. 90406; 
213-394-1811. 

Interface design is also discussed in “Interfaces for advanced 
computing” by James D. Foley, Scientific American, October 
1987, pp. 126-135. 

The September 1989 JEEE Spectrum includes a design case 
history titled “Of mice and menus: designing the user-friendly 
interface,” pp. 46-51, by Tekla S. Perry and John Voelcker. The 
December 1984 issue of Spectrum has a related article titled 
“Design case history: Apple’s Macintosh,” pp. 34-43, by Fred 
Guterl. 
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The right kind 


of accidental career 


Whether in the Pentagon, NASA, or corporate boardroom, 
Robert S. Cooper promotes technological breakthroughs with fervor 


CAREERS 


A towering figure with a baritone voice and a loud 
laugh, Robert S. Cooper in conversation switches 
easily from Soviet mobile missiles to Japanese gal- 
lium arsenide chips; from tradeoffs in nonlinear op- | 
tics to laser remote sensing; and from excessive 
Government secrecy to lackluster U.S. competitive- 
ness. In his numerous jobs, he has helped improve 
worldwide navigation for pilots and mariners, up- 
grade U.S. remote sensing, herald modular space- 
craft, and jump-start hypersonic research. 

Some associates characterize him as “excessively ambitious” 
or “hard to approach.” But others almost idolize him. Lynn Con- 
way, a University of Michigan professor who worked for Coop- 
er at the Defense Advanced Research Projects Agency (Darpa), 
calls him “a rare combination of technology visionary and 
organizer-manager” who has had “the right kind of accidental 


PROFILE 





After that, the question was: what kind of doc- 
torate? Since his interest by this time was radio as- 
sj tronomy, he applied to several colleges and was ac- 
1 cepted on a Westinghouse Fellowship at Ohio State 
University in Columbus, where he expected to work 
on an L-band phased-array radar. But a professor 
persuaded him to pursue medical electronics instead. 
(During his senior year in college, he had developed 
instrumentation for pharmacological research.) 

Completing his master’s in biotechnology, Cooper 
worked at the school hospital devising an X-ray cinematography 
machine. At this point, he was undecided whether to pursue medi- 
cine at Iowa State University or engineering at MIT. He tossed 
a coin, and Cambridge won, even though he knew that would 
take him away from bioengineering. In Cambridge, while he 
taught undergraduate circuit courses and learned the fundamen- 


career.”” Ahmed Neer, who 
earned a Ph.D. at the Massachu- 
setts Institute of Technology 
(MIT) in Cambridge with Coop- 
er and 12 years later worked for 
him at the National Aeronautics 
and Space Administration’s 
(NASA's) Goddard Space Flight 
Center, said, “The main thing 
about Bob is he really believes in 
whatever he’s doing and that’s 
really contagious.” 

Cooper himself simply says 
he’s ‘‘an unabashed tech- 
nologist.” 

Baseball was the first thing 
Cooper believed in. Slinging 
fastballs and sliders won him a 
full scholarship to the Universi- 
ty of Iowa in Iowa City, but after 
several years, as he delved deep- 
er into his electrical engineering 
studies, the obsession with sports 
gave way to an interest in medi- 
cine and electronics. He got an 
academic scholarship and gave 
up baseball. 

The Korean War was at its 
peak. So after graduation and 


Vital statistics 

Name: Robert S. Cooper 

Born: Feb. 8, 1932, in Kansas City, Mo. 

Education: BSEE, the University of lowa in lowa City; MSEE, 
Ohio State University, Columbus; Ph.D., Massachusetts 
Institute of Technology, Cambridge 

Family: wife Benita Ann; two sons by previous marriage, 
Jonathan and James 

First job: analog computer programmer at Sidewinder mis- 
sile project at China Lake, Calif. 

Favorite food: Japanese stir-fried anything 

Books most recently read: Hunt for Red October, Made in 
America 

Favorite periodicals: /EEE Proceedings, [EEE Spectrum, Ar- 
chitectural Digest 

Leisure activities: sailing, skiing, tennis, and renovating 
houses 

Managing credo: ‘‘Hard work and smart associates are the 
keys to success”’ 

Persons most admired: NASA’s George Low, inventor- 
photographer Harold E. ‘‘Doc”’ Edgerton, and Loran pi- 
oneer Ernie Guillemin 

Pet peeves: ‘People who quit”; people who “‘verbize” nouns, 
adjectives, and adverbs 

Proudest feats: “Overcoming the bureaucracy and helping 
in a small way to start” these programs: Navstar Global 
Positioning System; Multimission Modular Spacecraft; 
Search and Rescue Satellite; Strategic Computing; Sp-100 
space nuclear reactor; and the national aerospace plane 


talist MIT way of thinking, 
Cooper analyzed plasma and 
wave propagation for his doc- 
torate and minored in mathe- 
matics. 

Since he liked teaching, he ac- 
cepted MIT’s offer to continue 
doing it after he received his doc- 
torate, fully expecting to spend 
the rest of his career as a profes- 
sor. He also consulted for MIT- 
affiliated Lincoln Laboratories 
in Lexington, which was doing 
ballistic missile defense work for 
the recently formed ARPA (the 
“—” was a later addition). His 
focus was radar discrimination 
of warheads. 

“The interesting thing is, you 
could design a [fully effective] 
system in those days,” Cooper 
said. In the 1960s, he recalled, 
the attacker had only a few hun- 
dred warheads, and multiple- 
warhead missiles had not yet 
been devised. (Although he 
never believed a large-scale Stra- 
tegic Defense Initiative system 
could be practical, as a Govern- 


before pursuing a doctorate, he joined the Air Force Reserve 
Officers Training Corps for two years. There the young engineer 
was entrusted with far more responsibility than would have been 
his good fortune in industry: he oversaw more than a dozen con- 
tractors to develop a B-47 short-range navigation system for test- 
ing accuracy of the beeline bombing system. 


John A. Adam Senior Associate Editor 
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ment employee he did his best to start the program in 1983.) 
In 1968, the consulting work became a full-time job when es- 
calating campus protests against the Vietnam War drove Coop- 
er from campus. “I spent less and less time teaching,” he com- 
mented. At Lincoln Labs, he extended his work to lasers and to 
the spectral signatures of missiles and warheads, and soon rose 
to division director. By now in his mid-thirties, he met many laser 
researchers at the national laboratories and in industry, and trav- 
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A tour through the Smithsonian’s National Air and Space Muse- 
um becomes almost a personal reminiscence for Robert S. Coop- 
er, who during three stints in Government influenced worldwide 
navigation, spacecraft, and strategic computing (for which he at- 
tained the IEEE Fellow grade). 


eled to Washington, D.C., to consult with the Pentagon’s John 
Foster. Foster soon asked Cooper to be an assistant, coordinat- 
ing high-energy laser research among the services, overseeing 
small agencies, and handling intelligence projects. He also worked 
with NASA as Department of Defense (DOD) coordinator for 
the nascent space shuttle project. 

The assignment to Washington was to be only temporary— 
three years—and it bewildered Cooper at first. “So many deci- 
sions were based on things other than the facts,” he said, and 
there were so many ways to stymie plans. “It blew my belief sys- 
tem right out of the water.” 

But he adjusted quickly. He was most proud of the constraints 
he put on the laser program so Congress would not waste money 
on the “sexy” technology until it proved itself. He also helped 
start the Joint Service Navstar Global Positioning System pro- 
ject, combining the separate, less capable Navy and Air Force 
programs and funding basic research in atomic clocks, which are 
critical for accuracy. It was 16 years before the system started 
working, but “‘it’s revolutionary and important for military and 
civilian navigation,” he said. “I’m proud of that.” 

Cooper’s next stop was not the expected return to Lincoln Labs. 
Just before his Pentagon stint ended, he got a call from NASA. 
George Low, its deputy administrator, had worked with Cooper 
on the shuttle planning and now asked the 43-year-old engineer 
to run the Goddard Space Flight Center in Greenbelt, Md. 

Goddard was unique among NASA centers in being virtually 
self-contained. Staffed with some 3700 scientists, engineers, and 
support personnel and enjoying an annual R&D budget of some 
$800 million, the center launched its own rockets, built its own 
spacecraft and instruments, operated 14 tracking sites around the 
world, and devised new theories on space and earth science. 

Since he’d contemplated a doctorate in radio astronomy, space 
had always intrigued Cooper, so he agreed to serve four years. 
(He is adamant about keeping Government service stints to three 
or four years—as he puts it, enough to make a difference but not 
long enough to build a fiefdom that might stifle new ideas. Also, 
salaries are low, he adds realistically.) He severed his ties with MIT. 

NASA budgets were declining, however, and Cooper’s job was 


Adams—The right kind of accidental career 





to reshape Goddard. He centralized control and declared it would 
work on a single new flight project at a time, not three. 

After four years, NASA chief Robert Frosch asked Cooper to 
stay. But he needed to make money to help his two boys through 
college. His expertise in space landed him a job at Satellite Busi- 
ness Systems (SBS) as vice president of engineering. In three years, 
he helped launch SBS’s digital communications system. 

Then in 1981, he was offered “the best engineering job in the 
world—anything else has got to be an anticlimax.” Richard 
DeLauer, DOD’s research undersecretary of defense, asked him 
to become director of Darpa, a small agency with a sizeable purse 
responsible for exploring technological frontiers. In contrast to 
“slow-grinding bureaucracies’’—like the DOD, NASA, and the 
National Institutes of Health, all agencies where, Cooper said, 
10 people can say no to every proposal—Darpa has only two: the 
program manager and the director. “If two guys agree, you can 
do a lot of R&D—even create a whole new technical discipline,” 
he noted. 

He feels the United States has a serious problem in investing 
in and managing its technology. In Government, “in order to fund 
anything, we have to create an initiative,” he said. ““We have to 
hype the whole thing.” 

“Large sums” of SDI money are for “demonstrating progress 
so you can get more money next year,” he added. During his first 
two years at Darpa, Congress refused the increase in basic research 
he advised, so to get money, “we had to dream up initiatives’’— 
usually with a mission-oriented outcome in a mere five years. Ex- 
amples include strategic computing, gallium arsenide, hypersonic 
research, and a number of classified programs. 

“Why do we have to resort to all this hype and subterfuge?” 
Cooper asked, then added, ‘“‘We don’t do a good enough job ex- 
plaining to the populace the benefits of basic research.” 

Despite his accomplishments, during Government stints Coop- 
er had to use up savings and compromise on the time he spent 
with his family and friends. Today, he lives in a modest neigh- 
borhood in Washington, D.C., and has his own startup compa- 
ny, Atlantic Aerospace Electronics Corp., in Greenbelt, Md. 

Such enthusiastic commitment to technology has earned Coop- 
er much loyalty. Of the staff of some 150, many Atlantic Aero- 
space employees are former associates from NASA or Darpa; 
some even date to his MIT days. 

Cooper, who still works 60- to 80-hour weeks, has no regrets 
about pursuing what interests him. “It never makes you much 
money,” he said, “but you sure have fun.” 5 
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For the record 


Van de Graaff’s 


generator 


Megavolt at $90 


The new 35-M/ V Vivatron accelerator 
being tested in Strasbourg, France, marks 
the latest step in meeting a technological 
challenge first taken up by a young Rhodes 
Scholar back in 1925. 

Robert J. Van de Graaff was 24 when he 
went to Oxford that year. Soon afterward, 
he encountered a question in his physics 
text that “remained in my mind as a sort 
of challenge,” he recalled later: why was 
it impossible to build an electrostatic ma- 
chine with a large power output? 

A memorandum he produced in 1933 
reveals that his first major insight was that 
he could accelerate ions and electrons to 
“enormous” energies by generating a high 
voltage in a vacuum. At the same time, he 
recognized that direct current would be 
preferable to “the more usual sources 
which have alternating, rippling or impul- 
sive characteristics.” 

Actual experimental work had to wait 
until September 1929, when the new Ph.D. 
arrived at Princeton University in New Jer- 
sey to work under physicist Karl T. Comp- 
ton on a National Research Council (NRC) 
fellowship. Only a month later, Van de 
Graaff was able to show Compton the first 


Michael F. Wolff Contributing Editor 


model of his electrostatic generator. Its 
operating principle was explained formally 
the following March in a report that, as a 
fellow, Van de Graaff had to write for the 
NRC. 

Referring to the drawing shown, he 
wrote: “A motor driven pulley P drives by 
means of the belt B a second pulley Q, 
which runs freely. The belt is of insulat- 
ing material, but has at intervals carriers 
of conducting material. As these carriers 
pass under the inductor I, maintained at 
a considerable negative potential by an 
auxiliary Whimshurst machine, there is in- 
duced on each carrier a bound positive 
charge, while the free negative charge es- 
capes to earth through the grounded metal 
pulley P. Thus the carriers move away to- 
ward the anode A carrying a positive 
charge, which they retain until they make 
contact with the metal pulley Q, situated 
in the interior of the anode and connect- 
ed with it. At this contact the carrier gives 
up its entire charge to the surrounding 
anode and then returns uncharged to the 
first pulley P. In this way positive charge 
is continually brought up by the moving 
belt to the anode, so that its potential rises 
steadily, either until a constant potential 
is reached at which the leakage from the 
anode becomes equal to the input current, 
or until a spark passes.” 

The electrostatic machine was easy to 
build. The first model, dubbed “the tin can 
generator,” had a belt made of silk ribbon 
bought at the local five-and-dime (where, 
the story goes, Van de Graaff alarmed the 
salesgirl by testing the ribbon’s flammabil- 
ity). Operated in the open air, it reached 
a potential of 80 000 volts. 

A few months later, Van de Graaff 
generated over 1 000 000 V between two 


60-centimeter-diameter spheres on Pyrex 
columns 180 cm high. This version was 
published Oct. 28, 1931, in a three-page 
“Disclosure of invention,” signed by Van 
de Graaff and two witnesses. The appara- 
tus cost $90. 

Van de Graaff’s generator made head- 
lines when it was demonstrated in New 
York City on Nov. 10, 1931, before a din- 
ner meeting of the newly formed Ameri- 
can Institute of Physics. “Atom Nucleus 
Seen Yielding To Science,” declared The 
New York Times in a front-page story, 
which reported that the Massachusetts In- 
stitute of Technology (MIT) in Cambridge 
was embarking on machines capable of 
generating up to 15 million volts. Time 
magazine hailed the “$90 Lightning.” 
Compton called it “the most important de- 
velopment that has ever taken place in the 
field of extremely high voltages.” 

Van de Graaff followed Compton to 
MIT in November and devoted the rest of 
his life to building more powerful and 
sophisticated electrostatic accelerators for 
industrial, scientific, and medical applica- 
tions. He applied for a patent on Dec. 16, 
1931, and assigned it to MIT in 1933 under 
an agreement that gave him 20 percent of 
the net income up to a maximum of 
$400 000. 

On March 18, 1935, MIT vice president 
Vannevar Bush wrote Van de Graaff to in- 
form him that patent 1 991 236 had been 
issued on Feb. 12. “It is a good looking 
patent, and I hope that our dreams in con- 
nection with it may some day come true,” 
Bush added. In the light of the frontiers 
of nuclear research and cancer treatment 
the invention opened up in the ensuing 
years, it is likely those dreams were 
realized. 
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MIT Office of the President, 1930-59, Compton/Killian AC 4, Institute Archives and 
Special Collection, MIT Libraries, Cambridge, Mass. 


The small electrostatic generator shown in this March 1930 diagrammatic cross 
section marked the start of Robert J. Van de Graaff’s search for an artificial 
source of copious high-energy radiation. 
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Math students, 
faculty dwindling 


By the year 2000, the U.S. demand for 
scientists, engineers, and technicians 
needing a mathematics background may 
exceed the 1986 demand by 36 percent, 
nearly double the growth of total employ- 
ment demand, according to a recent Na- 
tional Research Council (NRC) report. 
Moreover, by 
1995, the col- 
lege-age pop- 
ulation may 
drop 22 per- 
cent from its 
1981 level. 
“Unless pos- 
itive steps 
are taken, 
the nation’s 
needs _ for 
mathemati- 
cally skilled 
... workers 
for business, 
industry, and 
government 
will not be 
met,” the re- 
port states. 
As one ex- 
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ample of this trend, total bachelor’s 
degrees conferred in mathematical 
sciences numbered 16 306 in 1986, a level 
first surpassed in 1964. Although degrees 
awarded have fluctuated since then, they 
peaked at 27 442 in 1970 and then tended 
downward [see figure]. 

The report—‘“‘A Challenge of Numbers: 
People in the Mathematical Sciences” — 
is the second of three issued by the NRC’s 
Committee on Mathematical Sciences in 
the Year 2000. It costs $9.95 (prepaid) from 
the National Academy Press, 2101 Constit- 
utution Ave., N.W., Washington, D.C. 20418; 
800-624-6242. 

LA OOOO 


Wanted: minority engineers 


Although blacks make up 12 percent of the 
population, they comprise only 2 percent 
of employed scientists and engineers, ac- 
cording to a report by the Task Force on 
Women, Minorities, and the Handicapped 
in Science and Technology. The Washing- 
ton, D.C., organization was established by 
the U.S. Congress to develop a plan for 
widening participation in these careers. 

In 1988, only 47 blacks earned doctor- 
ates in science, 15 in engineering. Hispan- 
ics, at 9 percent of the population, com- 
prise only 2 percent of employed scientists 
and engineers; they hold 3 percent of the 


bachelor’s and 2 percent of the doctorates 
in science and engineering. 

American Indians, who account for 0.6 
percent of the population, make up 0.5 per- 
cent of employed scientists and engineers, 
while holding 0.3 percent of bachelor’s 
degrees and 0.11 percent of doctorates. 

White women make up only 10 percent 
of all employed scientists and engineers, 
despite forming 43 percent of the U.S. 
population. They received 22 percent of 
bachelor’s degrees and 13 percent of doc- 
torates in science and engineering. 

The report—“Changing America: The 
New Face of Science and Engineering’ — 
advises doubling the number of women 
getting bachelor’s in these fields, tripling 
black enrollees, and increasing the 
Hispanic students by a factor of seven. 

It suggests that universities set quan- 
titative goals for recruiting, that school 
boards set higher graduation require- 
ments, and that professional societies be- 
come educational advocacy groups and 
supply financial and other assistance. 

For a copy, write to the Task Force on 
Women, Minorities, and the Handicapped 
in Science and Technology, 330 C St., S.W., 
Room 2014, Washington, D.C. 20201. 


Coordinator: Gary Stix 
Consultant: Mary Golladay, National 
Science Foundation 


INTRODUCING A NEW ANALYSIS PRODUCT FOR ELECTRICAL ENGINEERS 


"is a general purpose two- and three-dimensional 
ElectroMagnetic Analysis System for electrical 
engineers who require comprehensive analysis 


capabilities. MSC/EMAS solves electric and magnetic field problems for linear, non- 
linear and anisotropic materials. With MSC/EMAS, users can analyze the entire 
range of electromagnetic behavior from electrostatics and nonlinear magneto- 
statics to eddy currents and wave propagation. Best of all, these varied phenomena 
can be accurately simulated under the umbrella of one program. 


MSC/EMAS is based on the analytical engine of MSC/NASTRAN,” the world’s 
leading finite element analysis program. MSC/EMAS retains the computational effi- 
ciencies of MSC/NASTRAN while incorporating a new and unique formulation of 
Maxwell's equations for use in electromagnetic applications. 


Closely integrated with MSC/EMAS is a state-of-the-art, interactive pre- and post- 
processor, MSC/XL." which allows users to build and refine models and display 
analysis results in a variety of formats. This graphical interface features a modern 
menu structure, a powerful command language, automated meshing, a user- 
defined calculator, and advanced color graphics. Together, the combination of anal- 
ysis capabilities, proven computational abilities, and powerful graphics makes 
MSC/EMAS the premier software package for electrical engineers. 


MSC/EMAS allows engineers to obtain complex design information that would 
otherwise be feasible only through prototype, estimation, or special purpose analy- 
sis programs. The ease of use and flexibility of MSC/EMAS facilitate greater explo- 
ration of design concepts early in the development process, when change is most 
easily accommodated. With feasibility and performance determined early in the 
design cycle, the insights gained through analysis become the basis for fewer and 
more successful prototypes. 


MSC/EMAS is available on a variety of computer platforms ranging from engineer- 
ing workstations to supercomputers. 


For more information contact: The MacNeal-Schwendler Corporation, 815 Colorado Boulevard, 
Los Angeles, CA 90041 or phone 1-800-MAG-6442 or (414) 357-8723. 
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Nuclear waste 


(Continued from p. 24) 

ing of low-level wastes has become nearly 
routine in some countries. The French 
Government, with Europe’s largest nucle- 
ar operations, has met relatively little re- 
sistance to its program to establish 
low-level sites. 

In September, it authorized the licens- 
ing for a low- and intermediate-level waste 
disposal site at Soulaines in the depart- 
ment of LAube, 200 kilometers southeast 
of Paris. Site preparation had begun as 
early as 1987 and waste will be accepted 
starting next year. The LAube installation 
will replace the existing low-level disposal 
facility in La Manche. The older site, next 
to the reprocessing plant at Cap La Hague, 
is approaching its capacity of 500 000 
cubic meters. 

Shallow burial for low-level wastes has 
not met with universal acceptance, how- 
ever. Sweden’s Forsmark facility for low- 
and intermediate-level wastes will store up 
to 200 000 m? of byproducts from the 
country’s 12 nuclear reactors, including 
ion-exchange resins and filter material 
from different nuclear-plant water- 
treatment systems. Forsmark, which is lo- 
cated northeast of Stockholm, is a series 
of chambers built 60 meters under the Bal- 
tic Sea. 

Sweden plans to phase out nuclear 
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96002, Ariel’s Dual DSP MM-96 
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Connect™ interface and to digital 


audio with Ariel’s DSPnet™ 
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Configurations for IBM AT com- 
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power by 2010, although two of the reac- 
tors may be shut down earlier. The layout 
of the tunnels and caverns at Forsmark was 
designed so that the repository could be 
extended to accept wastes from the decom- 
missioning of nuclear power plants. 

Like France, the United Kingdom uses 
shallow disposal methods. But the 40 000 
m? it generates annually of low-level wastes 
cannot be placed indefinitely at the Drigg 
facility four miles south of Sellafield, 
which will be filled between 2020 and 2030. 
Drigg uses a concrete-lined trench to store 
waste in steel boxes, each holding twelve 
200-liter drums. 

In the United States, political conflict 
has complicated the search for a compre- 
hensive low-level waste-management poli- 
cy. Legislation by the U.S. Congress re- 
quired each state to come up with a plan 
for managing its own commercial wastes 
by as early as 1985. This would have taken 
the onus off the only three U.S. low-level 
disposal sites, in Washington, South Caro- 
lina, and Nevada. When the deadline was 
not met, Congress decided to defer it until 
1993. 

Many states have formed regional com- 
pacts that will pool resources and decide 
on one site; states that are not in a com- 
pact by the new deadline will have to find 
a solution to disposing of their own wastes. 
According to a 1989 report by the Office 
of Technology Assessment in Washington, 
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Ariel provides the best appli- 
cations support in the business 
via telephone, mail, fax, or our 


24 hour DSP BBS. 


The MM96 is available now. 
Call for 96002 support on other 
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DI-Connect is a trademark of Data Translation, Inc. DSPnetis a trademark of Ariel Corporation. 


48 


Circle No. 11 


DC., not every state will be able to com- 
ply by 1993. 


To probe further 

The JAEA Bulletin, the quarterly jour- 
nal of the International Atomic Energy 
Agency, published a survey last year (Vol. 
31, No. 4) of radioactive-waste disposal ef- 
forts worldwide. Articles include an over- 
view, a technology report, a look at safety 
standards, and an assessment of waste dis- 
posal in developing countries. 

The problems involved in low-level waste 
disposal in the United States are outlined 
in “Partnerships Under Pressure: Manag- 
ing Commercial Low-Level Radioactive 
Waste,” published by the U.S. Congress’ 
Office of Technology Assessment in 
November 1989. 

“High Level Radioactive Waste Man- 
agement” is a two-volume set of proceed- 
ings from a conference held last April in 
Las Vegas, Nev. The proceedings are avail- 
able from the American Nuclear Society, 
LaGrange Park, Ill. (708-352-6611). The 
same organization publishes Nuclear 
News, which often covers waste manage- 
ment. In particular, see the May 1990, 
February 1990, and March 1987 issues. @ 


Research and reporting for these articles 
were contributed by Roger Milne and 
Simon Rippon in London and Ian Ander- 
son in Melbourne, Australia. 
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PATENTSe 


Your word is 
my command 


At least since 1953, when Isaac Asimov in 
his science fiction classic Second Foun- 
dation told how 14-year-old Arcadia Darrell 
dictated a term paper into her Transcriber 
“and copy was turned out in a charming 
and entirely feminine handwriting,” some 
have dreamed of devising a machine that 
can translate talk into written text. Now 
DragonDictate, described as the first com- 
mercial general-purpose voice-driven type- 
writer, comes a big step closer to realizing 
that dream. 

Announced in March by Dragon Sys- 
tems Inc. of Newton, Mass., it is the first 
commercial speech recognition system 
with a large vocabulary of 30 000 words 
that learns from someone talking fairly 
naturally rather than from limited sets of 
words spoken in a preordained order, ac- 
cording to chief executive officer James 
K. Baker. The system consists of a speech 
recognition board, a microphone, and soft- 
ware, and requires an IBM PC/ AT- 
compatible computer configured with 8M 
bytes of RAM and an Intel 80386 micropro- 
cessor running MS-DOS. 

The user must pronounce discrete 
words, separating them by a pause of 
about a quarter second. He or she also 
calls for punctuation, such as “comma” or 
“open quote,” just as to a human stenog- 
rapher. For words that sound alike but have 
different meanings, such as “to,” “too,” 
and “two,” the system displays a menu of 
possible words from which the user 
selects the right choice with keyboard or 
voice. Once accustomed to the system, 
users can create text at a rate of 30 to 40 
or more words per minute. 

Perhaps the most important innovation 
is the system’s use of what Baker calls 
multiple sources of knowledge. Instead of 
relying on, for example, either phonemes 
(basic sound units) or allophones (pho- 
neme variations that arise in actual 
speech) or syntax (position of words in 
sentences) or semantics (meanings of 
words) or artificial intelligence or rule- 
based techniques, the DragonDictate in- 
corporates aspects of all these tech- 
niques. By combining them with statisti- 
cal modeling, it recognizes discrete words 
accurately 90 percent of the time. 

Unlike other commercial systems, it 
does not have to be trained by a user, say, 
reading aloud a long list of words or speak- 
ing words in a rigid order. Two kinds of soft- 
ware models enable immediate recogni- 
tion of about 25000 common words. 
Acoustic models of speaker-independent 
words tell the software how each should 
sound. Statistical language models rate 
the likelihood of a word from its context. 
A backup dictionary lists 80 000 words in 
spelling only, minus acoustic models; it 
also has room for an additional 5000 words 
the user can define, which can include 
proper names, acronyms, technical terms, 
or even commands. Through it all, the sys- 
tem learns the pronunciation of its user, 
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so accents or speech impediments, if con- 
sistent, do not impair its performance. 

The DragonDictate is aimed chiefly at 
people working in “hands busy/eyes busy” 
applications, such as radiologists who 
read X-rays and dictate diagnoses in the 
dark or disabled people who cannot use 
a keyboard. It should also appeal to non- 
typists who pay out enough for steno- 
graphic services to make DragonDictate’s 
$9000 tag look good. 

Dragon Systems is now working on a 
system for recognizing Spanish and other 
languages. Ultimately it hopes to develop 
technology for recognizing continuous 
speech as well as discrete words. 
ee 


Write on! 


Speaking of writing, another Mas- 
sachusetts company—Neurogen Inc. of 
Brookline—has developed /NSCRIPT, a 
character recognition system that identi- 
fies unconstrained handwritten numbers 
and financial symbols. The symbols can 
be written by any user and the system iden- 
tifies them at the rate of three characters 
per second with an accuracy of up to 99.5 
percent. By using a neural network meth- 
od, /NSCRIPT learns to read numbers 
much as the human brain does. The prod- 
uct can be used to automatically enter 
data on envelopes or other standard forms. 

Most optical character recognition sys- 
tems (OCRs) use either template matching 
or rule-based feature-detection tech- 
niques. In template matching, the scanned 
character is compared with a template 
having a basic rendition of the character. 
In arule-based system, a programmer de- 
fines the features of the strokes that make 
up the character and a measure is made 
of how closely the scanned character 
matches the definition. 

INSCRIPT, by contrast, develops its own 
rules and learns through experience. The 
system assigns to known information 
weighted values based on an algorithm 
that learns associations between signal 
patterns and pattern classes. 

The sequence of steps involved in recog- 
nizing a handwritten number are: scanning 
the image, filtering it from a gray-scale 
image to a binary image, locating a hand- 
written number field on the form, isolating 
each number in the field, and classifying 
it through use of a neural classifier. 

The system—a plug-in printed-circuit 
board, which includes a digital signal pro- 
cessor and interface software—runs on an 
IBM PCI/AT, Compag 286, or any computer 
100 percent compatible with them. The 
computer needs 256K bits of RAM, a 20- 
megabyte hard disk, and MS-DOS 3.1 or 
higher. The system works with just about 
any scanner to convert handwritten num- 
bers into a form compatible with such ap- 
plications as word processing, desktop 
publishing, and database programs. 


Coordinators: Trudy E. Bell and 
Ronald K. Jurgen 
Consultants: Ralph H. Baer and Homer Jensen 
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IMAGINE THIS IN COLOR. 


Almost everything goes together in black and white. But where color’s involved, well that’s a bird of a dif- 
ferent color. Where one person sees red another sees purple. With the creation of our Image Processing/Color 
Center for electronic pre press for all of Agfa worldwide, we can clone, paint or airbrush an image to meet 
changing specifications. 

At Agfa, we're looking for more entrepreneurially-oriented people to join this collaborative team effort work- 
ing to complement and enhance our PIX product line. PIX delivers the functionality of traditional color separa- 
tion and retouching systems at a fraction of the traditional cost. And because PIX provides PostScript output, 
it’s fully compatible with industry-standard software and hardware systems. 

If you're an Engineer, Scientist, or Mac Developer who thrives in advanced product development 
and has expertise in * color science * image acquisition ° multi-processing * image compression, we invite 
you to put some color in your career. 

AGFA Compugraphic offers competitive salaries, a comprehensive flexible benefits package including pen- 
sion and 401k plan, and career advancement opportunities. Please send your resume to Paul Alexander at AGFA 
Compugraphic Division, Agfa Corporation, 200 Ballardvale Street, Wilmington, MA 01887. 

We are a smoke-free environment. 


An Equal Opportunity/Affirmative Action Employer. 
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ULTRAHIGH SPEED IC 
DEVELOPMENT 


Science Center in Southern California 
The Science Center, Rockwell International Corporation's research laboratory in Thousand 
Oaks, California, has the following opportunities available in its High Speed Circuits 
Department. 

























Device and Circuit Research Engineer 


Candidate will contribute to HBT ADC and HEMT SRAM development and participate in 
advanced device research. Experience is required in III-V device research, analog/digital 
integrated circuit design, simulation, system insertion and familiarity with processing and 
material growth. A Ph.D. in Electrical Engineering is also required. 


IG Design and Test Engineer 


Candidate will design, lay out and test high speed analog and digital integrated circuits and 
subsystems. Experience is required in analog/digital integrated circuit design, simulation and 
layout as well as electronic circuit and system testing, and computer programming in For- 
tran or C. Solid knowledge of device physics is also necessary. Educational requirements 
include a BS or MS in Electrical Engineering, Physics or a related field with strong electronics 
emphasis. 


If you have the requisite skills for one of these positions, please send your resume to: Rockwell 
International Science Center, Professional Staffing (DCR-3), P.O. Box 1085, Thousand 
Oaks, CA 91358. Equal Opportunity Employer M/F/H/V. U.S. citizenship may be required 
for some positions. 


6 Rockwell International 


... where science gets down to business 


Software Developers 


TRW, the company of tomorrow, invites you to become part of our future. We 
have many openings in Redondo Beach, CA for Software Developers with ex- 
perience in one or more of the following areas: 
























e Ada ¢ S/W Modeling and 

° VAX/VMS FORTRAN Performance Simulation 

¢ C/Unix on a M68030-based e Algorithm Development 
Sun workstation ¢ Onboard Processing 

e PASCAL e Radar/Signal Processing 

¢ Software Systems Engineering ¢ Mission Planning 

¢ Real Time Multi-tasking e Image Processing 

¢ Device Drivers/ MACRO e Sensor Data Processing 


If you meet our special technical needs, we would like you to send a resume to: 


TRW System Development Division 
One Space Park 


Bldg. 02, Room 1356 
Department IES7 ay Ee 


Redondo Beach, CA 90278 AFAXNUV 


Principals Only, Please 
Equal Opportunity Employer. 

U.S. Citizenship and Current EBI 
Required for Most Positions. 
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Industrial: 








We invite you to learn about our strategic plan, our new and renewed 
business opportunities and the growth opportunities they are generating in 


READING, PA and KNOXVILLE, TN. As a result of re-structuring our 
ompany to provide additional diversified engineering and design services 


‘ : 
we're offering management and technical career growth opportunities 


in a greater variety of disciplines. 

For you, the BS-DEGREED ENGINEER, this presents new areas in which is 
apply your abilities and develop new skills in support of electric power 
companies, manufacturing and process industries and government. 


Our base offices are in suburban settings which offer affordable housing, an 
abundance of recreation/leisure activities, educational opportunities and 
natural scenic beauty. So, if you want to enjoy a quality worklife plus a 
quality lifestyle, check out the opportunities we have for you in: 
¢ Fossil ° Nuclear 
e Industrial. ¢ Government 
© T&D : © Quality Assurance 
Read more about our winning team, and the career 
opportunities awaiting you, on the opposite page. 


: Equal Opportunity Employer 






















































For over 50 years, Wilcox Electric, Inc. 
has led the industry in the design, man- 
ufacture and installation of electronic 
navigational equipment. Due to contin- 
ued expansion, we have several excit- 
ing opportunities available for profes- 
sionals eager to grow with a proven 
leader ... and help continue the Wilcox 
tradition of innovation into the 90s and 
beyond. 

Assistant Program Manager 

You will manage Cat IIl and other Nav- 
aid programs with large civil or field 
installation content. You must possess 
a BASS in Civil Engineering or 
Science and at least five years civil or 
field experience with ground-based 
navigational aids or similar products. 
Assistant Program Manager - Radar 
You will assist with the U.S. Army con- 
tract for ATC Primary/Secondary radars 
and act as liaison with CECOM, ISC, 
AMC, and our principal subcontractor 
in France. This role requires 5-7 years 
DoD or DoT experience; a BSEE or 
BSME is preferred. 

Digital Design Engineer 

This entry-level position requires a 
BSEE/MSEE, 1-3 years experience in 
the design of digital control and com- 
munication circuitry. Familiarity with 
programmable logic devices and A/D, 
D/A techniques preferred. 


Component Engineer 

You will support design, manufacturing, 
purchasing, and quality for use of all 
purchased parts. You must possess a 
BSEE; military specs and drawing 
experience is preferred. 

RF Engineer 

A BSEE/MSEE plus 2-5 years experi- 
ence in the design of VHF, UHF, or 
microwave circuits equipment or sub- 
systems is required. Associated control 
and processing circuit design and/or 
computer aided design background is 
desired. 

Associate PWB Designer/Draftsman 
You will design prototype and produc- 
tion printed wiring boards to MIL-STD- 
275, and produce drawings to DoD - 
STD-100. Associate degree in drafting 
or equivalent is required; CAD and 
computer programming experience 
preferred. 

Logistic Support Analyst 

You must have at least five years logis- 
tics experience including familiarity with 
MIL-STD-1388-1A and MIL-STD-1388- 
2A, reliability and maintainability analy- 
ses, and the use of MIL-STD-217, MIL- 
STD-785, and LSAR software. 
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Provisioning Analyst 

You will prepare logistics documenta- 
tion, assist in bid efforts and logistic 
conferences, as well as oversee work 
prepared by lower-level and subcon- 
tract parts coordinators. Experience 
preparing DoD and DoT logistics docu- 
mentation and training background are 
required; knowledge of data processing 
is helpful. 

Test Manager 

You will oversee 45+ technicians and 
operators and solicit support from local 
and/or French-based radio engineers. 
Position requires a Master's in Science 
plus 10 or more years related testing 
and design experience or equivalent. 
Willingness to travel a must. 

Quality Engineer 

You must possess a BS in an engineer- 
ing discipline, at least five years experi- 
ence with MIL-Q-9858A, and knowl- 
edge of MIL-STD-454. 

Ada Software Engineers 

As part of our new Ada software pro- 
ject, you will assist in methods develop- 
ment, tool installation and the design/ 
coding/testing of prototype application 
software. This position requires a 
BSCS or BSEE, at least two years em- 
bedded systems software development 
experience, one year design/coding ex- 
perience, and indepth Ada experience. 
Advanced Communication/EW 
Engineer 

You will work with R&D on radio commu- 
nications products/systems proposals 
and act as liaison with DoD customers. 
An MS degree, 10+ years VHF or HF 
radio communications experience, and a 
willingness to travel are required. 
Systems Engineer 

To qualify, you must possess a BSEE/ 
MSEE and 2-5 years experience in the 
design, documentation and testing of 
air navigational and landing systems. 
Microwave landing systems and/or dis- 
tance measuring equipment experi- 
ence is desirable. 

Find out today why your future is with 
us. You'll be rewarded with a competi- 
tive salary and a superior benefits pack- 
age. To join our proud tradition, send 
your resume, indicating position 
desired, to: Teresa McDaniel, Wilcox 
Electric, Inc., Dept. IE 790, 2001 NE 
46th Street, Kansas City, MO 64116. 
An equal opportunity employer. 


1\ WILCOX 
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MAIL TO: 
IEEE MEMBERSHIP DEVELOPMENT 

The Institute of Electrical and Electronics Engineers, Inc. 
445 Hoes Lane, P.O. Box 1331 

Piscataway, N.J. 08855-1331, USA (201) 562-5524 ‘ 








RESEARCH ASSISTANT: 
COMPUTER & 
COMMUNICATION SYSTEMS 


Information Processing and Communications 
Laboratory seeks systems programmer in direct 
support of DEC VAX, MicroVAX and other 
computer systems. Assists in installing systems 
software and developing application software 
and command procedures. Some evening and 
night work required. Desire minimum HS plus 6 
years related experience, detailed knowledge of 
VAX/VMS and DCL, experience in software in- 
stallation, programming skills in high level lan- 
guages including Fortran or C. Knowledge of 
UNIX operating system a plus. Apply to: 













Personnel Office 
Box 54PPP 












INSTITUTION 


Woods Hole, MA 02543 
An equal opportunity employer M/F/H/V 















It’s tough 
to keep up 
with change. 


That’s why over 300,000 
scientific and engineering 
professionals belong to 
The Institute of Electrical 
and Electronics Engineers, 
Inc.—the worlds largest 
transnational technical 
















FOR A FREE IEEE MEMBERSHIP 
INFORMATION KIT USE THIS COUPON. 
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e e ® Data Systems Integration aw 
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analysis) 


? 5 - @ Applications Integration 
oesn nee your \ i SION © Sensor Systems (requirements analysis 
? and quality) 
@ End-to-End Systems Performance 
Analysis 


We're also looking for Systems Pro- 
grammers with MVS/XA, CICS, and VM 
experience. 


Software Engineers/Software Analysts 
Working on a scale that few engineers can 
imagine, you’ll be instrumental in the 
development of software for vast informa- 
tion processing systems and applications. 
The ideal candidates will have experience 
with SUN/UNIX, VAX/VMS, IBM MVS/XA, 
C, Ada, Fortran, Pascal. 


Relational Database Specialists 

Your database expertise could be instru- 
mental in turning user requirements into 
relational models. Ideally, you should 
have hands-on experience with DB2, 
IDMS/ADSO, Adabas/Natural, M204, 
Oracle, Ingres, and Sybase. 


Computer Security Specialists 

Your background in computer security 
systems, software, databases, operating 
systems or communications can be 
instrumental in assuring our computer 
systems remain trusted. You should have 
a minimum of two years in a computer 
security role, ideally in an IBM mainframe 
environment. 


Artificial Intelligence Engineers 
Use your know-how to develop knowledge- 
based systems technology to include 
representation methods and structures; 
e system architecture; non-monotic reason- 
ing; spatial, temporal, plausible and 
CASE-based reasoning; tools and envir- 
onments for rapid prototyping. You 
should have 5-7 years prototyping expe- 
rience in Sun, Symbolics and VAX envi- 
ronments using ART, KEE, LISP and C. 
A BS/MS in Computer Science with an 
emphasis on Al is desirable. These posi- 








Look at our size, our history, our diversity are high. If that’s you, bring your exper- tions are in Valley Forge only. 

and you'll discover the ideal proving tise to one of these roles in suburban Military or civilian experience in a 
ground for your ingenuity and foresight. Washington, DC or Valley Forge, PA, a sensitive classified environment is 
Today at the Military & Data Systems suburb of Philadelphia. preferred. 

Operations of GE Aerospace, we’re Systems Integration Professionals ; Ze : 

implementing some of the best ideas the ~~ M&DSO’s extensive involvement in sys- shat vous ai aN i pashan 
industry will ever see. tems integration can give you a lead role career. If you are interested in Valley 
The ideas come from people like you — in systems analysis, systems architecture, Forge, please send your resume to: GE 
intrapreneurs who thrive when the chal- advanced studies, conceptual design and Aerospace Military & Data Systems Oper- 
lenges require answers that no one has systems performance analysis. These ations, Dept. BG01, P.O. Box 8048, Phila- 
ever thought of before. Who offer the roles call for technical professionals who delphia, PA 19101. Washington candi- 
vision to develop solutions that will pro- already understand how to design sys- dates should send resumes to: Dept. 
cess in a sophisticated computer envir- tems and offer 3+ years of experience in BGO1, 8080 Grainger Court, Springfield 
onment. And who excel when the stakes any of the following areas: VA 22153. i ; 


An equal opportunity employer. U.S. 
citizenship is required. 





GE Aerospace 
Military & Data Systems Operations 











CALENDAR 


(Continued from p. 14L) 

Fifth Jerusalem Conference on Information 
Technology (COMP); Oct. 22-25; Jerusalem 
Congress Center, Jerusalem, Israel; Joshua 
Maor, IBM Israel, 2 Weizman St., Tel Aviv 
61336, Israel; (97+23) 618 618. 













International Conference on Signal Processing 
‘90 Beijing (Beijing Section et al.); Oct. 22-26; 
Beijing; Zong Sha, Nongzhan Guan, Nan Lu 
12, Room 2307, Beijing 100026, China; 
(50+011) 44 2307. 












Global Telecommunications Congress and 
Exhibition-INTER COMM 90 (Vancouver Sec- 
tion); Oct. 23-26; Vancouver Trade and Con- 
vention Centre, Vancouver, Canada; INTER 
COMM 90, 777 Pacific Boulevard, South, Van- 
couver, B.C. V6B 4Y8, Canada; 604-669-1090. 











Visualization ‘90 (COMP); Oct. 23-26; Le Merid- 
ian, San Francisco; Stephen Levine, Wang 
Laboratories (MS 012-250), 1 Industrial Ave., 
Lowell, Mass. 01851; 508-967-0798. 









MAECON ’90 (IEEE, ERA); Oct. 24; Henry VIII 
Hotel, St. Louis, Mo.; Jim Leonard, Box 1075, 
Florissant, Mo. 63031; 314-925-6828. 








22nd Symposium on Stochastic Systems The- 
ory and its Applications-ISCIE (IEEE Control 
Systems Society et al.); Oct. 24-26; Hiroshi- 
ma Information Museum, Hiroshima, Japan; 
Y. Sunahara, Kyoto Institute of Technology, 
Matsugasaki, Sakyo-ku, Kyoto 606, Japan; 














(81+75) 721 7086. 


Conference on Physical Concepts of Materials 
for Novel Optoelectronic Device Applications 
(ED, MTT et al.); Oct. 27-Nov. 2; Congress 
Center, Aachen, West Germany; Anne Note- 
boom, SPIE, Box 10, Billingham, Wash. 98227; 
206-676-3290, ext. 116. 


Conference on Electrical Insulation and Dielec- 
tric Phenomena (IEEE); Oct. 28-Nov. 1; Poco- 
no Manor Inn, Pocono Manor, Pa.; Reuben 
Hackam, Department of Electrical Engineering, 
University of Windsor, Ont. N9B 3P4, Canada; 
519-253-4232. 


International Power Meeting-India (PE); Oct. 
28-Nov. 1; New Delhi, India; T. W. Hissey Jr., 
Leeds & Northrup, Sumneytown Pike, North 
Wales, Pa. 19454; 215-699-2000. 


Conference on Magnetism and Magnetic 
Materials (MAG); Oct. 29-Nov. 1; Town and 
Country Hotel, San Diego, Calif.; Courtesy As- 
sociates Inc., 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-639-5088. 


Compsac ‘90 (COMP); Oct. 31-Nov. 2; Holiday 
Inn Mark Plaza, Chicago; Stephen Yau, CIS 
Department, 301 CSE, University of Florida, 
Gainesville, Fla. 32611; 904-335-8006. 


NOVEMBER 


Engineering in Medicine and Biology Society 
12th Annual Conference (EMB); Nov. 1-4; 
Wyndham Franklin Plaza Hotel, Philadelphia; 
Nihat M. Bilgutay, Electrical and Computer En- 





gineering Department, Drexel University, 
Philadelphia, Pa. 19104; 215-895-2257. 


LEOS Annual Meeting in conjunction with Opt- 
con ‘90 (IEEE/LEO); Nov. 4-9; Hynes Conven- 
tion Center, Boston; Glenda McBride, IEEE/ 
LEOS, 445 Hoes Lane, Box 1331, Piscataway, 
N.J. 08855; 201-562-3896. 


Singapore International Conference on Com- 
munication Systems-ICCS ‘90 (IEEE Singapore 
Section et al.); Nov. 5-9; Pan Pacific Singapore 
Hotel, Singapore; Meeting Planners Pte. Ltd., 
100 Beach Rd., Suite 33-01, Shaw Towers, Sin- 
gapore 0718; (65+13) 297 2822. 


Computer Society Conference on Tools for Al- 
TAI ‘90 (COMP); Nov. 6-9; Hyatt Hotel, 
Washington, D.C.; Nikolaos G. Bourbakis, 
George Mason University, Department of ECE, 
Fairfax, Va. 22030; 703-425-3930. 


Workshop on VLSI Signal Processing (ASSP); 
Nov. 7-9; Sheraton Grand Hotel, San Diego, 
Calif.; Howard S. Moscovitz, Bell Laboratories, 
1247 S. Cedar Crest Blvd., Allentown, Pa. 
18103; 215-770-3644. 


International Conference on Computer-Aided 
Design-ICCAD ‘90 (COMP et al.); Nov. 12-15; 
ICCAD ‘90, Santa Clara Convention Center, 
Santa Clara, Calif.; IEEE Computer Society, 
1730 Massachusetts Ave., N.W., Washington, 
D.C. 20036; 202-371-1013. 


Supercomputing ‘90 (COMP et al.); Nov. 12- 
16; New York Hilton Hotel, New York City; Su- 
(Continued on p. 50J) 




































ELECTRIC UTILITY 
CONTROL SYSTEM CONSULTANT 


ECG, Inc., a leading consulting firm serving electric 
utilities in the areas of SCADA, EMS, DMS, communi- 
cations, load management, and information systems 
planning, is expanding its offices in the U.S. and Eu- 
rope. In response to steadily growing clientele, we are 
looking for engineers with experience in utility con- 
trols either as a vendor of these systems or as a utili- 
ty engineer. 

We are seeking professionals with strong interper- 
sonal communication skills and a preference to work 
in asmall company environment. ECC is offering relo- 
cation to any of its offices in the U.S., Canada, or Eu- 
rope. The European office is in Maastricht (NL) and 
the location can accommodate choice of living in Ger- 
many, Netherlands, and Belgium (both Flemish and 
French areas). For a position in Europe, the ability to 
speak and write German or French in addition to En- 
glish is desirable. 


The preferred background for the open positions is ex- 
perience with power system security applications in 
real-time and/or EMS project management experience. 
ECC offers an excellent salary and benefits package, 
and we invite you to send your resume to: 


ECC, Inc. 
| cc: 
nergy & control consultants 





































UNIVERSITY OF CALIFORNIA, RIVERSIDE 


FACULTY POSITIONS IN 
ELECTRICAL ENGINEERING 


The newly formed College of Engineering at the University of California, 
Riverside expects to make at least 2 faculty tenure/tenure track appoint- 
ments in the area of Electrical Engineering during the 1990-91 academic 
year. These are in addition to those previously advertised. While the ap- 
pointment levels are open, preference will be given to exceptionally qualified 
individuals having an established record in research. All applicants should 
hold a doctoral degree in Electrical Engineering or a related field. Teach- 
ing experience is highly desirable. Applicants in all areas of Electrical En- 
gineering are welcome. Research within the fields of real-time control, 
intelligent knowledge-based control, image processing, sensor analysis, 
computer modeling and simulation, non-linear system dynamics, integrated 
sensors, and computer architectures are of particular interest. Resources 
will be available to build state-of-the-art laboratories for research and in- 
struction, and strong support will be extended to ensure the success of 
the new Department of Electrical Engineering. Interactions with other 
research groups on campus are strongly encouraged. The individuals ap- 
pointed will be expected to play a major role in the development of Elec- 
trical Engineering at the graduate and undergraduate levels. Persons with 
an interest in and willingness to serve as departmental Chair are encouraged 
to so indicate. Please submit a resume and names of at least three in- 
dividuals willing to write letters of reference to: 
Chair, Search Committee 
Electrical Engineering 
College of Engineering 
Riverside, California 92521 


The University of California, Riverside is an equal opportunity, affirma- 
tive action employer. 





































4400 Fair Lakes Court 
Fairfax, Virginia 22033-3899 
USA 

Attn: Personnel Manager 
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© 1989 Honeywell Inc. 


HONEYWELL: OPENING THE DOOR 





TO AVIONICS TECHNOLOGY OF THE 90s. 


Honeywell in Phoenix offers a variety 
of career opportunities in our Commercial 
Flight Systems Group. Our continuing 
growth has created the following positions: 


Systems Design Engineer — In this 
area, you will be involved in guidance and 
control systems analysis and hardware/ 
software design trade-offs. Specification 
designs, including guidance, navigation and 
control algorithm development, as well 
as systems integration and installation, 
flight test and customer liaison activity, are 
a part of these positions. 


System Software Development — 
This area involves development of flight 
software for advanced guidance and control 
systems for aircraft using modular and 
structured programming techniques. You 
will be involved with algorithms and 
development of real-time programs in both 
assembly (8086 family Z8002, 68000) 
and high order languages such as Pascal, 
“C,” Ada and PLM/86, with subsequent 


hardware integration. 


Electronics Engineering — These posi- 
tions involve the development of new pro- 
cessor/bus architectures and specifications 


to support fault tolerant/redundant airborne 
applications. 


Display Systems — These positions 
offer systems, software and hardware oppor- 
tunities with CRT/LCD display technology. 
You should be familiar with digital hardware 
design and/or real-time programming. Sys- 
tems functions include overall system defi- 
nition, design and customer interaction. 


To qualify for the positions listed above, 
you should have a BSEE or a BSCS degree 
and at least three years of experience. 


Quality Engineering — To qualify for 
this position, you should have a BS degree 
in an engineering curriculum. A minimum 
of two to five years of experience in quality 
engineering/assurance, reliability and/or 
product engineering is required. You should 
have computer applications experience. 
Customer interface experience is preferred. 


Additional opportunities are available 
in: 


* CRT/LCD Display Technology 


* Avionics Systems Simulation 





¢ CAE Engineering (Apollo Mentor 
Systems) 


* Artificial Intelligence 

* VAX Systems Administration 

¢ Fiber Optic Pressure Sensors 

* EMI/HERF 

¢ Software Tools Development 

Make a career move. Honeywell offers 
you a competitive salary and benefits pack- 
age. All new employees are required to suc- 
cessfully complete a drug screening test. 
Send your resume and salary history, in con- 
fidence, to Honeywell, Commercial Flight 
Systems Group, Professional Employment 


(IEEE-E845), P.O. Box 21111, M/S 1-17C, 
Phoenix, AZ 85036. 


Honeywell 


HET PEN GeV Ose GO NAER OE 
YOUR WORLD 


Equal Employment Opportunity/Affirmative Action Employer 
U.S. citizenship required for some positions 









RESEARCH AND 
DEVELOPMENT ENGINEERS 


Thomson Consumer Electronics, manufacturer of RCA and GE brand consumer 
electronics products, is redefining the future of home entertainment. The Indianapolis 
advanced development facility is part of a global network of R&D centers located 
throughout Europe, Asia and The United States. The development of new generations 
of television technologies, including High-Definition Television, has created opportu- 
nities for innovative Electrical Engineers to join us in our efforts to bring exciting new 
products from concept to reality. Current opportunities are available in: 


¢ VIDEO SIGNAL PROCESSING 
Digital, Analog, Digital Logic Design and IC Design 
¢ DEFLECTION DEVELOPMENT 
e MICROCOMPUTER DEVELOPMENT 
Software/Hardware 
e AUDIO DESIGN 
Circuit Development and Acoustics 
* CAD/CAE 
Your qualifications for these positions must include a strong academic background in- 
cluding a B.S. or advanced degree and demonstrated competence in one of the above 
areas. 


Thomson offers excellent salaries and benefits, plus exceptional opportunity for profes- 
sional growth and recognition with a global leader in consumer electronics. 


Please send your resume, in confidence, to: Dave Lovell, Professional Relations, M.S. 
27-134E, Thomson Consumer Electronics, P.O. Box 1976, Indianapolis, IN 46206- 
1976, or FAX you resume to us at (317) 231-4203. An Equal Opportunity Employer. 


Thomson Consumer Electronics, Inc. 


Few challenges today come with ready- 
made answers. Add the complexity of high 
technology and the possibilities multiply. 
As the central research facility for Martin 
Marietta Corporation, Martin Marietta 
Laboratories is solving some of the tough- 
est problems around. We are seeking the 
following: 


Signal Processing Scientist/Engineer 
Position requires an MS or PhD in EE, 
Physics, or CS; at least five years signal 
processing experience preferably related 
to radar or sonar methodology and a back- 
ground that includes algorithm develop- 
ment, signal interpretation, and sensors 
system simulation. 


Scientist — Optical Signal Processing 

A PhD in EE, CS, Math or Optical Science 
Engineering plus experience in analog and 
digital signal processing as well as state- 
of-the-art processor architectures are 
required. You must also be familiar with C, 
UNIX, and imaging processing software. 


R/D Specialist — Optical Signal Processing 
Candidates will possess an MS in EE or 
Physics; 1-3 years experience designing, 
assembling, and testing coherent optical 
arrays; and familiarity with two-dimensional 
spatial light modulators, photodetector 
arrays, and solid optic design. 
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Staff Engineer — Sonar 

An MS or PhD in Physics or EE plus expe- 
rience in the design/development of sonar 
projects for submarines, surface ships or 
torpedoes; and familiarity with models 
(computer codes) to predict the output 
sound pressure levels of transducer arrays 
is required. System-level experience in 
transducer construction, including shell 
and driver, pressure compensation, and 
drive electronics, is a must. 


Staff Engineer — Modeling 

We require a BS/MS in CS and 3-5 years 
in a science/engineering environment 
including at least two years hands-on 
experience with C programming and rela- 
tional databases such as Oracle or Ingres. 
Candidates should be a project leader 
familiar with object oriented databases/ 
programming, and expert systems. 


We offer a competitive salary and a benefits 
program. Please send your resume to: 
Martin Marietta Laboratories, Attn: Joyce 
McAleer, 1450 South Rolling Road, Balti- 
more, MD 21227, (301) 247-0700, ext. 2209. 
EOE. U.S. citizenship is required. 


MARTIN MARIETTA 


MARTIN MARIETTA LABORATORIES 


NERSC 
DIRECTOR 


Lawrence Livermore Na- 
tional Laboratory is seek- 
ing a computational 
scientist with an outstand- 
ing record of achieve- 
ment to serve as Director 
of the National Energy 
Research Supercom- 
puter Center (NERSC). 


The successful candidate 
will be knowledgeable 
about the role of large 
scale computing in the 
mission of the Office of 
Energy Research and will 
be familiar with the 
Department of Energy 
and the Federal scientific 
research community. 


The Director provides 
leadership to a scientific 
and support staff of one 
hundred, manages an 
annual budget in excess 
of $35 million, and is 
responsible for relations 
with the user community 
and sponsoring agency. 


All inquiries, applications 
and nominations should 
be addressed to: Dieter 
Fuss, Chairman, NERSC 
Director Search and 
Screen Committee, 
NERSC, 7000 East Ave., 
L-561, Dept. A90313, 
Lawrence Livermore Na- 
tional Laboratory, Liver- 
more, CA 94550. US. 
citizenship required. An equal 
opportunity employer. 


University of California 4 
(a Lawrence Livermore 
National Laboratory 











BETTER JOB? 


You need us, we need you! 


Share in our decade of Success placing engi- 
neers in hi tech industries NATIONWIDE— 


© Commercial ¢ Military ¢ $30-80K 


ADA, SW/HW, A/D, PWB, ATE, QC, VLSI, RF, EW, 
MMIC, EMI, Radar, Al, Electro-Optics, Antennas, 
Microwaves (R&D, design, test, mfg., marketing, 
program mgmt.) 
Send resume & geographical preferences 
for prompt evaluation. No fees. 
U.S. citizenship & experience req'd. 


4 Lyon Associates 
he P.O. Box 568, Amherst, NY 14226 
e 716-839-0690 








OPPORTUNITIES IN 
HIGH-TECH ELECTRONICS, 
MANUFACTURING, HARDWARE 
& SOFTWARE ENGINEERING 


TC TECHNICAL 
CAREERS 


Dick Berg 
10150 Sorrento Valley Road, Suite 314 
San Diego, CA 92121 © 619-458-1323 


Kim Hetler 
255 Route 12, Suite 201 
Groton, CT 06340 © 203-446-9930 


John Cissell 

2175 Credit Union Lane 

Suite 504 (Div. of Power Services) 

N. Charleston, SC 29418 ¢ 803-572-3000 


Keith Richards 
5599 San Felipe, Suite 1120 Somat Bldg. 
Houston, TX 77056 © 713-965-9461 


All Fees Paid by Client Companies/EEOC 





POWER SYSTEMS 
STAFF ENGINEER 


A dedication to quality design and 
construction engineering has positioned 
CRSS as an international leader in advanced 
technology. One of the many areas where 
advanc ee is ne a difference 
is power system analysis — and CRSS is 
there — using the latest tools and techniques 
to expand info the field of power quality. 


As a senior staff engineer, you'll provide 
leadership in the area of power eae 
analysis. You will perform power quality 
system studies that include analyzin 
problems, developing solutions an 
providing the implementation eneneet a. 
in addition, you will develop data analysis 
software, teach power qual Reseqioass and 
conduct R&D Erestigations. equirements 
include a MSEE and a minimum of 10 years 
of experience. 


Please call or send your résumé and salary 
requirement to: CRSS Inc., Ken Wilcox, 
Human Resources Man 

cons Center Drive, Sui 

Raleigh, NC 27606 (919) 859- 
5000. We are an equal opportunity 
employer. 


STUDY DIRECTORS 
ENGINEERS—SCIENTISTS 


SENSORS 


WEAPON SYSTEMS 


The Institute for Defense Analyses offers challenging career positions 
in its Operational Evaluation Division to experienced analysts and study 
directors with strong engineering and scientific backgrounds. IDA, a 
Federally Funded Research and Development Center, serving the Office 
of the Secretary of Defense, the Joint Chiefs of Staff, and Defense agen- 
cies, brings analytic objectivity and understanding to the most complex 
issues and questions of national security. 


These new positions afford a unique opportunity to assist OSD in devel- 
oping new and improved methods and techniques for testing and evalu- 
ating major weapon and combat support systems. A combination of 
technical and analytical experience in the following areas is desired: 


¢ Air Warfare: Platforms, Weapons, Sensors 


¢ Naval Warfare 
e Electronic Warfare 
¢ Command, Control, Communications 


To address issues of: 


¢ System effectiveness and suitability 
¢ Test and evaluation in the context of mission performance 


We are looking for effective problem solvers and leaders with creativity, 
resourcefulness, and good oral and written communications skills. 
Requirements include PhD or equivalent in Engineering, Physical 
Sciences, or Operations Research, and a proven record of accom- 
plishment. 


IDA offers excellent opportunities for professional development in a 
superior environment. Expect a competitive salary, excellent benefits, 
and the chance to contribute substantively to the solution of urgent and 
critical problems facing our nation. If this kind of future appeals to you, 
we urge you to investigate a career with IDA. Assignments involve 
travel in the U.S. and abroad. Please forward your resume to: 


La 
|DA 


Mr. Thomas J. Shirhall 
Manager of Professional Staffing 
Institute for Defense Analyses 
1801 N. Beauregard Street 
Alexandria, Virginia 22311 


An equal opportunity employer, m/f. 
U.S. citizenship is required. 
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I&C 
ENGINEERS 


Few nuclear professionals 
reach the level of excellence 
that Entergy Corporation 
employees _ consistently 
achieve throughout our 
operations in Arkansas, 
Louisiana and Mississippi. 
Thanks to the dedication of 
our employees, Entergy’s 
nuclear plants (LP&L’s, 
Waterford/3, AP&L’s two units 
at Arkansas Nuclear One and 
System Energy’s Grand Gulf) 
are recognized throughout the 
industry for their superior 
performance. 


Now we are looking for 
results-oriented professionals 
to join our team. If you have a 
BS in Engineering with at least 
three (3) years experience in 
I&C design and/or mainte- 


nance, please forward a 
resume with salary require- 
ments to: 


WATERFORD/3 
Newton Spitzfaden 
P.O. Box B 
Killona, LA 70066 
1-800-535-7494 
FAX: (504) 464-3262 


ARKANSAS NUCLEAR ONE 
Carol Corder 
Route 3, Box 137-G 
Russellville, AR 72801 
(501) 964-3292 
FAX: (501) 964-3181 


GRAND GULF 
NUCLEAR STATION 
Jack Farren 
P.O. Box 756 
Port Gibson, MS 39150 
(601) 437-2409 
FAX: (601) 437-6584 


EEO/AA/M/F/H/V 


x Entergy 


ee Corporation 
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percomputing ‘90, IEEE Computer: Society, 
Conference Services, 1730 Massachusetts 
Ave., N.W., Washington, D.C. 20036; 202-371- 
1013. 


Wescon ’90 (Region 6 et al.); Nov. 13-15; Ana- 
heim Convention Center, Anaheim, Calif.; Elec- 
tronic Conventions Management, 8110 Airport 
Blvd., Los Angeles, Calif. 90045; 213-772-2965. 


Second Annual SEPRI Symposium-Industrial 
Electric Power Applications (PE et al.); Nov. 15- 
16; Doubletree Hotel, New Orleans, La.; Jack 
Davey, Department of Electrical Engineering, 
Tulane University, New Orleans, La. 70114; 
504-865-5785. 


International Conference on Spoken Language 
Processing-ICSLP (ASSP et al.); Nov. 18-22; 
International Conference Center Kobe, Kobe, 
Japan; Hiroya Fujisaki, Department of Electron- 
ic Engineering, University of Tokyo, 7-3-1 
Hongo, Bunkyo-ku, Tokyo 113, Japan; (81+3) 
812 4442, ext. 6656. 


Cognitiva 90 (COMP); Nov. 20-23; Madrid, 
Spain; IEEE Computer Society, Conference 
Services Department, 1730 Massachusetts 
Ave., N.W., Washington, D.C. 20036; 202-371- 
1013. 


16th Annual Conference of IEEE Industrial 
Electronics-IECON ’90 (IE); Nov. 27-30; Pacif- 
ic Grove, Calif.; Robert Begun, 23609 Skyview 
Terrace, Los Gatos, Calif. 95030; 408-353-1560. 


DECEMBER 


Global Communications Conference-Globe- 
com ’90 (COM); Dec. 2-5; Sheraton Harbor Is- 
land Hotel, San Diego, Calif.; Andrew Cohen, 
Qualcomm Inc., 10555 Sorrento Valley Rd., San 
Diego, Calif. 92121; 619-587-1121, ext. 326. 


First International Symposium on Uncertainty 
and Analysis: Fuzzy Reasoning, Probabilistic 
Methods, and Risk Management (COMP et al.); 
Dec. 3-5; University of Maryland, College Park, 
Md.; Bilal M. Ayyub, Department of Civil En- 
gineers, University of Maryland, College Park, 
Md. 20742; 301-454-2438. 


Fourth International Workshop on CASE-CASE 
‘90 (COMP); Dec. 3-8; Irvine, Calif.; Elliott J. 
Chikofsky, Radius Systems Inc., 75 Lexington 
St., Burlington, Mass. 01803; 617-494-8200, 
ext. 552. 


Third International Conference on Computer 
Vision-ICCV ’90 (COMP); Dec. 4-7; Osaka, 
Japan; ICCV ‘90, IEEE Computer Society, Con- 
ference Services, 1730 Massachusetts Ave., 
N.W., Washington, D.C. 20036; 202-371-0101. 


29th Conference on Decision and Control (CS); 
Dec. 5-7; Hilton Hawaiian Village, Honolulu, 
Hawaii; Malcom D. Schuster, RF-23-377, Johns 
Hopkins University, Applied Physics Laborato- 
ry, Laurel, Md. 20707. 


Ultrasonics Symposium (UFFC); Dec. 5-7; 
Sheraton Waikiki Hotel, Honolulu, Hawaii; 
Moises Levy, Physics Department, University 
of Wisconsin, Milwaukee, Wis. 53201; 414-963- 
4168. 

(Continued on p. 50L) 
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USE YOUR “TICKETS” 
FOR FASTER 
CAREER GROWTH 


Put our 25+ years experience 
placing technical professionals to 
work for you. All fees paid. Nation- 
wide opportunities in Commun- 
ications, Defense, Intelligence, 
Computer, Satellites and Analyti- 
cal Sciences. If you earn over 
$32,000, we have a better, more 
rewarding job for you... right 
now. U.S. citizenship and EBI/ 
SBI/POLY desirable. Call (301) 
231-9000 or send your resume in 
confidence to: Dept. EAISEB. 

Or FAX to: (301) 770-9015. 


WALLACH 


associates, Inc. 
RETEST ES, 


Washington Science Center 
6101 Executive Boulevard 

Box 6016 

Rockville, Maryland 20849-6016 


Technical and Executive Search 


Director 
Biomedical 


Engineering ZRTl 


The Research Triangle Institute, a 
leading contract research organiza- 
tion, is seeking a director for its Bio- 
medical Engineering Program Office. 
Responsibilities of the director include 
short- and long-range planning, mar- 
keting, staffing, technical direction and 
fiscal management. 

Candidates for this position should 
have a Ph.D. degree in biomedical or 
electrical engineering, or in physiology 
and have at least 15 years academic 
and industrial experience participating 
in directing and marketing biomedical 
engineering projects. More specifical- 
ly, candidates should have work exper- 
ience in one or more of the following 
areas: ambulatory or noninvasive phy- 
siological monitoring systems; digital 
signal or image processing; or bio- 
impedance, cardiovascular, or respira- 
tory monitoring instrumentation. 
Qualified applicants should submit 
their resumes to: 


Research Triangle Institute 
Office of Human Resources 
P.O. Box 12194 
Research Triangle Park, 
NC 27709-2194 


An Equal Opportunity/ 
Affirmative Action Employer 
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Invent the future at 
GE R&D Center. 


Technology pacesetters 


GE Research and Development Center makes the 
future better and closer by setting the standards for 
tomorrow’s technologies. Some of the challenges 
we are setting for ourselves include conducting 
research on “smart” power electronics and advanced 
multichip hybrid packaging techniques. 


Help lead the way 


If you are interested in working with world-class re- 
search teams, we have breakthrough opportunities in: 


Advanced Electronic Assemblies 

Advanced packaging is superceding VLSI as the new 
challenge in electronic systems. We are creating 
revolutionary high density, multichip hybrid 
packaging techniques for high speed signal process- 
ing and analog applications. 


Our goal is to develop CAD tools and test techniques, 
design methodologies, packaging and materials, and 
plasma and laser technologies for implementing, 
advanced VLSI and RF hybrid packages with 
medical, military, and industrial applications. 


Join us if you have an advanced degree in EE or 
Materials and strong interest in: 


e Advanced Analog and Digital Circuit and 
Systems Design 

¢ Advanced Packaging and Process Technology 

¢ Design for Test and Test Methodologies 


Ideal working and living environment 


In return for your talent, we offer superior compen- 
sation and benefits packages, outstanding prospects 
for advancement, and our career development 
programs. 


Based in Schenectady, New York, we are centrally 
located among numerous recreational, cultural, and 
historical attractions. Boston, New York, and 
Montreal are within a few hours drive, as are the 
Adirondack Mountains, Lake George and Cape Cod. 
The area offers some of the most affordable, 
attractive housing in the country. 


Contact 


To investigate these industry-leading opportunities, 
send your confidential resume, clearly indicating 
your specialization, to: University Relations and 
Recruiting, Ref. 105F, GE Research and Develop- 
ment Center, P.O. Box 8, Schenectady, NY 12301. 


GE Corporate 
Research and Development 


An Equal Opportunity Employer 


Who gives you 
more in the 
process? , 


At Micron Technology, 

you will findall you < 

need to excel—and 

then some. We will chal- 

lenge you to create and 

enhance submicron CMOS 

processes for 1-, 4- and 16- 

Megabit DRAMs in our new 6-inch Wafer Fab and 
Development Lab. Micron is aiming to be the 
leader in memory technology, and we are rapidly 
expanding our process development capabilities. 
This means substantial opportunities 

for your advancement. ‘ 


Micron does. 


We are looking for CMOS Engineering candidates 
who specialize in any of the following disciplines: 
¢ 4- AND 16-MEGABIT PROCESS 
DEVELOPMENT ENGINEERS 
Etch, Photolithography, Diffusion/CVD, Process 
Integration, Process Simulation 
© CMOS SUSTAINING ENGINEERS 
Etch, Photolithography, Diffusion/CVD, 
Metal/Implant 
¢ MOS RELIABILITY ENGINEERS 
Hot Carrier Effects, Electromigration, Oxide 
Wearout 
© MOS FAILURE ANALYSIS ENGINEERS 
Electrical Characterization 


¢ MEMORY TEST ENGINEERS 
Simulation, Software Development, Character- 
ization, Manufacturing Enhancement 


¢ COMPONENT DESIGN ENGINEERS 
Dynamic Random Access Memory, Static 
Random Access Memory 


© WAFER FAB EQUIPMENT TECHNICIANS 
Etch, Photolithography, Diffusion/CVD, 
Metal/Implant 


¢ PROCESS DEVELOPMENT TECHNICIANS 
Etch, Photolithography, Diffusion/CVD, 
Metal/Implant 


At Micron, you will enjoy competitive salaries 
and benefits, as well as the beautiful setting of 
our Boise, Idaho headquarters. Please send your 
resume to Micron Technology, Inc., Dept. IEEE, 
2805 East Columbia Road, Boise, ID 83706. We 
are an equal opportunity employer. 


MICRON 


TECHNOLOGY, INC. 
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Workshop on Heterogeneous Database Sys- 
tems (COMP); Dec. 11-13; Northwestern 
University, Evanston, Ill.; IEEE Computer So- 
ciety, Conference Services, 1730 Mas- 
sachusetts Avenue, N.W., Washington, D.C. 
20036; 202-371-1013. 





JANUARY 1991 


Fourth CSI/IEEE International Symposium on 
VLSI Design (COMP et al.); Jan. 5-8; New 
Delhi, India; Y.K. Malaiya, Computer Science 
Department, Colorado State University, Fort 
Collins, Colo. 80523; 303-491-7031; or D. Roy 
Chowdhury, Gateway Design Automation, 
SDF- A-1, Noida Export Processing Zone, P.O. 
NEPZ, Noida-201305, UP, India; (91+57) 366 
2342. 





FEBRUARY 


Power Engineering Society Winter Meeting (PE 
et al.); Feb. 3-7; Penta Hotel, New York City; 
J. G. Derse, 704 Timber Brook Dr., Bedminster, 
N.J. 07921; 201-725-4388. 


Aerospace Applications Conference (South 
Bay); Feb. 3-8; Telluride, Colo.; Steve Swift, 
15216 Burbank Blvd., Van Nuys, Calif. 91411; 
818-989-1133. 


Winter Convention on Aerospace and Electronic 
Systems-Wincon ’91 (AES et al.); Feb. 26-28; 


ENGINEERING 


Los Angeles; George Oltman, 23411 Dolorosa, 
Woodland Hills, Calif. 91367; 818-341-4010. 


MARCH 


Applied Power Electronics Conference and 
Exposition-APECT ‘91 (PEL); March 11-15; 
Hyatt Regency Dallas, Dallas; Ann Beightol, 
Courtesy Associates, 655 15th St., N.W., Suite 
300, Washington, D.C. 20005; 202-347-5900. 


International Conference Control ‘91 (UKRI 
Sec.); March 25-28; Edinburgh Conference 
Centre, Heriot-Watt University, Edinburgh, 
Scotland; Louise Bousfield, IEE Conference 
Services, Institution of Electrical Engineers, 
Savoy Place, London WC2R OBL, England; 
(44+1) 240 1871; fax, (44+1) 240 7735. 


APRIL 


Southeastcon ’91 (Region 3 et al.); April 7-10; 
Fort McGruder Inn, Williamsburg, Va.; Griffith 
G. McRee, 525 Virginia Deare Dr., Virginia 
Beach, Va. 23451; 804-683-4897 (O) or 804-428- 
0083 (H). 


Infocom ’91 (C, COM); April 7-11; Sheraton Bar 
Harbour, Bar Harbour, Fla.; Ken Joseph, Bell 
Canada, 160 Elgin St., Ottawa, Ont. K1G 3J4, 
Canada; 613-234-7214; fax, 613-234-1442. 


1st International Workshop on Interoperability 
in Multidatabase Systems (CO); April 8-9; Kyoto 
University, Kyoto, Japan; IEEE Computer So- 
ciety Conference Services, 1730 Massachusetts 





Ave., N.W., Washington, D.C. 20036-1903; 202- 
371-1013; fax, 202-728-0884. 


International Reliability Physics Symposium 
(ED, R); April 8-11; Caesars Palace, Las Vegas, 
Nev.; Alfred L. Tamburrino, RADC/RBRP, 
Griffiss AFB, N.Y. 13441-5700; 315-330-2813. 


International Symposium on Subscriber Loops 
and Services-ISSLS ‘91 (COM et al.); April 22- 
25; Raicongrescentrum Europaplein, Amster- 
dam; Paul ‘t Hoen, PTT Netherlands, Box 39, 
2260 AA Leidsehenam, The Netherlands; 
(31+ 70) 43 22 33; fax, (314+70) 43 21 40. 


MAY 


IEEE/IAS Industrial and Commercial Power Sys- 
tems Conference-l&CPS ’91 (1A); May 6-9; Hil- 
ton Inn, Memphis, Tenn.; Allan H. Long, Mem- 
phis Light, Gas & Water Division, Box 430, 
Memphis, Tenn. 38101-0430; 901-528-4859. 


Compeuro '91-IEEE Fifth International Confer- 
ence on Advanced Computer Technologies, 
Systems, and Applications (COMP et al.); May 
7-10; Bologna, Italy; V. A. Monaco, Dip. Elet- 
tronica, Informatica e Systemistica, Universi- 
ty of Bologna, Viale Risorgimento 2, 1-40136, 
Bologna, Italy. 


Power Industry Computer Applications 
Conference-PICA ‘91 (PE); May 7-10; Hyatt 
Regency/ Sheraton, Baltimore, Md.; William 
Keagle Jr., Baltimore Gas & Electric Co., Elec- 
tric Test Facility-RBC, Box 1475, Baltimore, Md. 
21203; 301-281-3788. 


Director of Marketing 


Telecommunications Techniques Corporation 
(TTC) is setting the standard for telecommunications test 
instrument markets all over the world. Our entrepre- 
neurial spirit has created some of the most innovative and 
effective products the industry has ever seen, like our T- 
BERD and FIREBERD analyzers. Our rapid growth has 
created the need for a Director of Marketing with strong 
experienced leadership for our highly technical marketing 
organization. 

As Director of Marketing you will manage TTC's 
entire multi-function product marketing program, includ- 
ing product management, market research, marketing 
communications and lead processing. This position re- 
quires a BSEE/MBA and significant experience in a data 
communications product marketing environment. 

Come help us set the standards that others follow. We 
promise rewards equal to your contribution and a chance 
to be a part of one of the most exciting telecommunications 
teams in the world. To apply, FAX 301- 353-1536, or send 
your resume to: Telecommunications Techniques Corpo- 
ration, Dept. IEEE7/90F, 20400 Observation Dr, German- 
town, MD 20876. An equal opportunity employer. 


Telecommunications 
C Techniques 
Corporation 


A DYNATECH COMPANY 
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Innovative people 
making technology work. 


Microwave Engineers 


Technical achievement and financial strength are performance 
hallmarks for Varian Microwave Equipment Products located in Santa 
Clara, California. We are recognized as a world leader in international 
satellite communications, power amplifiers, transmitters and power 
supplies. Customers depend on the technologies we develop to main- 
tain the competitive advantage in their respective industries. 


Opportunities exist for high-energy engineering professionals with ex- 
perience in SATCOM RF power amplifier design and development. Pro- 
ducts include C-Band to millimeter wave amplifiers using low noise 
power supplies. Five to ten years’ design experience required; advanced 
engineering degree preferred. 


Varian offers competitive salaries and a comprehensive benefits pro- 
gram designed to respond to your individual needs. Please forward your 
resume to: Varian Associates, MEP, 3200 Patrick Henry Drive, M/S 
15-38DLH/IE, Santa Clara, CA 95054. We are an equal opportunity 
employer. 


varian®@ 
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What Xerox 
is to copiers... 


Occasionally a company so dominates a 
particular market or technology that its 
name becomes closely identified with the 
product. For example, people still regularly 
talk about xeroxing a document, even 
when the machine spewing out the copies 
is made by Canon Inc. or Mita Copiers in- 
stead of Xerox Corp. Likewise, in the Unit- 
ed States, at least, one looks for Scotch 
tape, rather than cellophane tape, to wrap 
a package; for a K/eenex, rather than a fa- 
cial tissue, to cover a sneeze; and for a 
Band-aid, instead of a plastic bandage, to 
protect a cut. 

Usually, such association is rather flat- 
tering, even if it does irk those in charge 
of making sure that trademarked names 
are not misused. But Exxon Corp. is prob- 
ably not pleased that exxon is being turned 
into a verb that alludes to the company’s 





recent oil spills in Alaska’s Prince William 
Sound and near Staten Island, New York. 
An example of this usage appeared in the 
Washington Post: “| tried to change the oil 
in my car, and | exxoned the whole drive- 
way.” In fact, the American Heritage Dic- 
tionary is tracking the verb’s usage for pos- 
sible inclusion in a future edition. 

This brings up an interesting question. 
Is any electronics company, other than 
Xerox, so closely identified with a technol- 
ogy, product, or phenomenon, whether in 
a positive or unflattering way, that its name 
is used as a verb? 

A few product names lend themselves 
to this trend. IBM Corp. even encouraged 
it with the advertising campaign for its PS/ 
2 series of personal computers: “How’re 
you going to do it? PS/2 it!” Similarly, one 
could VAX a program, instead of running 
it, on a Digital Equipment Corp. VAX mini- 
computer. 

Few other potential ones come to mind. 
For example, both Hewlett-Packard Co. and 
Apple Computer Inc. are famous for hav- 
ing been started in the founders’ garages. 
If someone is starting a business from the 
ground up in this manner, he might tell ac- 
quaintances that he is trying to HP it. 

But there is certainly ample room for 
confusion here, especially when the com- 
pany or product name or acronym is actu- 
ally aword—or sounds like one. For exam- 
ple, turning Digital Equipment’s commonly 
used acronym DEC into a verb could be a 
little awkward and perhaps humorous: one 
would then speak of DECing a program. 
Usually, the user wants to deck the com- 
puter, not the program, although most 
often the problem lies with the software 
rather than the hardware. And how about 
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referring to Sunning a program (for Sun 
Microsystems Inc.) or NeXTing it (for NeXT 
Inc.)? 

It’s enough to make you glad that com- 
pany and product names and verbs seldom 
mix. 

TE 


I say data, you say Daten 


A recent column discussed the similarity 
of many technical terms in English and var- 
ious European languages [May, p. 20]. But 
some of these terms are vastly different, 
so English-speaking engineers may have 
a tougher time communicating in Europe 
than Technically Speaking originally 
thought. 

For example, the verb compute has fairly 
logical counterparts in French, Italian, and 
Spanish: cal/culer, computare, and compu- 
tar or calcular, respectively. But in German, 
it is berechnen. 

Similarly, telecommunications trans- 
lates very easily into French, Italian, and 
Spanish: te/ecommunications, tele- 
comunicazione, and telecomunicacion, 
respectively. German is a different story: 
Fernmeldetechnik. An English-speaking 
engineer fumbling for the correct word in 
German would not be likely to come up 
with that one. 

Data, however, is a little more complicat- 
ed. In Italian, it is dati, which certainly 
sounds similar. In German, it can be Werte 
or Daten; likewise, it is antecedentes or 
datos in Spanish. But in French, it is 
données. 

What does this mean for the English- 
speaking engineer thinking of working in 
Europe? Well, to some it might indicate 
that they should think twice before head- 
ing off to German-speaking countries. 
Wherever they decide to go, having a thor- 
ough knowledge of the country’s language 
certainly seems a good idea—whether 
they will be interpreting dati or designing 
telecomunicacion systems. 

CS ..,LsCCdCsCsé«éC;é;s..C..CC..C 


On time but still too late 


Language is frequently manipulated by 
companies and governments to make un- 
pleasant news sound more innocuous; 
thus, workers are negatively impacted rath- 
er than /aid off, and so on. However, the ex- 
ecutives who run some of the plane and 
train services in India must have been truly 
inspired to dream up preponed, which they 
use to describe flights and trains whose 
departure times have suddenly been 
moved forward. There is usually no at- 
tempt to contact passengers affected by 
the schedule changes, and refunds are not 
given. Such an invention is almost enough 
to make travelers grateful when they must 
wait at the airport because their flights are 
merely postponed; at least they know that 
when it eventually leaves, they will be on it. 


Coordinator: Erin E. Murphy 

Consultants: Anne Eisenberg, Polytechnic 
University; Pamela McCorduck, 
Columbia University 
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ADVANCED ENGINEERING 
EDUCATION 


if you're a busy professional engineer 
searching for a convenient way to 
further your education without inter- 
rupting your career...look to the VIP. 

Through the University of Massa- 
chusetts at Amherst, the VIP offers a 
wide variety of advanced engineer- 
ing courses, delivered to your work- 
place by videotape or live broadcast. 
The VIP gives you the advantage and 
flexibility to receive graduate level 
instruction at a time and place that fit 
your schedule. 

Call or write today about our 
degree and non-degree programs. 


Fall registration deadline 
is August 29, 1990. 


Video Instructional Program 
College of Engineering 

113B Marcus Hall 

University of Massachusetts 
Amherst, MA 01003 

(413) 545-0063 


An equal opportunity/affirmative action institution. 


Circle No. 36 
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PEARSON 


Wide Band, Precision 


CURRENT 
MONITOR 


With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo- 
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 


This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre- 
cisely follows the current amplitude and 
waveshape. A typical model gives an 
amplitude accuracy of + 1%, —0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea- 
ture 2 nanosecond rise time, or a droop 
as low as 1% per second. 


Whether you wish to measure current 
in aconductor, an electron device, ora 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from ¥2" to 10%" ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 


Contact us and we will send you 
engineering data. 


PEARSON 
ELECTRONICS, INC. 


1860 Embarcadero Road 

Palo Alto, Calif. 94303, U.S.A. 

Telephone (415) 494-6444 

Telex 171-412 - FAX (415) 494-6716 
Circle No. 10 





Maps 
in motion 


Within two years, PC users of the “Global 
Change Encyclopedia” could be viewing 
colorful satellite data on vegetation, land 
masses, ocean currents, and coastlines as 
they shift around the world. That informa- 
tion is now being entered into.an animat- 
ed atlas, one of 10 projects sponsored by 
the Space Agency Forum on Internation- 
al Space Year (Safisy), a group established 
last year to coordinate space agency plan- 
ning for 1992, designated International 
Space Year by the United Nations. 

The encyclopedia will allow viewers to 
use compact-disc read-only memory to see 
land and sea changes in motion over ex- 
tended periods of time. 

Satellites gathering the information in- 
clude a US. National Oceanographic and 
Atmospheric Administration Landsat sat- 
ellite, the high-resolution French SPOT-1 
satellite, and the Japanese ocean- 
observation MOS-1 satellite. Resolutions 
range from 10 to 80 meters. 

The first edition will be out in 1992. Fu- 
ture editions scheduled include data on 
greenhouse effect detection, sea surface 
temperature measurement, land cover 
changes, and ocean productivity. 

Safisy headquarters, now at the Nation- 
al Space Development Agency of Japan, 
in Tokyo, rotates annually among the 25 
participating space agencies. Contact: ISY 
Information Service, 600 Maryland Ave., 
S.W., Suite 600, Washington D.C. 20024; 
202-863-1734. 


EDUCATION 


Surface mounting on video 


For design and manufacturing guidelines 
to creating surface-mounting packages 
that will be inexpensive to assemble and 
test, engineers and designers can turn to 
a new videotape training program. Its 
sponsor is the Society of Manufacturing 
Engineers (SME), Dearborn, Mich. 

Titled “Surface Mount Technology: De- 
sign for Manufacturability,” the program 
examines the interrelationships between 
surface-mounting technology designs, as- 
sembly processes, cleaning, testing, and 
quality control. Six videotapes lasting 
about four hours and a 300-page reference 
guide are included. The videotapes, avail- 
able in 1/2-inch VHS or 3/4-inch U-Matic for- 
mats, cost $1995 to nonmembers ($1895 to 
SME members). A 14-minute preview tape 
costs $25 (SME members, $21). Contact: 
SME, Publication Sales Department, One 
SME Drive, Box 930, Dearborn, Mich. 48121- 
0930; 313-271-1500, ext. 418 or 419. 


PERIPHERALS 


Entering data by voice 


Engineers whose eyes and hands are too 
tied up to use a keyboard—such as those 


who inspect wafers, vehicles, or aircraft— 
can resort to a user-trainable voice 
input/output system for data entry. It pro- 
vides more than 99 percent accuracy, ac- 
cording to the manufacturer, Burr-Brown 
Corp., Tucson, Ariz. 

The TM5200, which links to a host com- 
puter as an RS-232C ASCIl terminal, recog- 
nizes up to 600 words of continuous speech 
that it stores in a solid-state cartridge. 
Each user must train the peripheral for 
several hours, preferably in the end-use en- 
vironment, by confirming the words that 
the system repeats. To use the TM5200, he 
or she inserts the cartridge and speaks 
into the microphone of a wired or radio- 
frequency headset. Because the system is 
user-dependent, it accepts all languages. 

Available now, the TM5200 costs $6500. 
Contact: Paul F. Smith, Burr-Brown Corp. 
Box 11400, Tucson, Ariz. 85734; 602-746- 
1111; fax, 602-889-1510. 


Coordinator: Katherine T. Chen 

Consultants: Jack M. Kinn, Electronic 
Industries Association; Paul A.T. 
Wolfgang, Boeing Helicopter 


Dressing up your PC 


PC users who are young at heart or 
who want friendlier PCs can buy a 
different kind of “softwear” to dress 
up their monitors: four cuddly 
creatures—a green dragon with a 
tail, a gray bulldog wearing a collar, 
a toothy pink rabbit holding a carrot, 
and a brown teddy bear. 

“Computer critters” are plush 
doll-like parts—heads, arms, and 
legs—that attach to the top, sides, 
and front of a monitor. One side of 
the hook-and-loop fastener strips is 
sewn onto the doll parts and the 
other side is adhesive-backed for 
taping onto the monitor’s surface. 
Removal and repositioning will not 
harm the monitor surface, but the 
parts can be repositioned only a few 
times. 


The dragon and bulldog retail for 
$34.95 each, and the rabbit and 
teddy bear, $29.95 each. A cat and 
a football player are other charac- 
ters being planned. Contact: Celsus 
Designs Inc., Box 5401, Hacienda 
Heights, Calif. 91745; in the United 
States, 800-869-9229; elsewhere, 
818-333-7273. 
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The following listings of interest to IEEE members have been placed by educational, government, and industrial organizations 
as well as by individuals seeking positions. To respond, apply in writing to the address given or to the box number listed in 
care of Spectrum Magazine, Classified Employment Opportunities Department, 345 E. 47th St., New York, NY. 10017. 


Advertising rates 
Positions open: 


$32.00 per line, not agency-commissionable 
Positions wanted: $32.00 per line, a 50% discount for IEEE members who supply 


their membership numbers with advertising copy 


All classified advertising copy must be received by the 25th of month, two months preceding date of issue. No telephone ord- 
ers accepted. For further information contact Wendy |. Goldstein, 212-705-7578. 


IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significant- 
ly below currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating cir- 


cumstances apply. 


Academic 
Positions Open 


The University of Alabama in Huntsville The 
Department of Electrical and Computer En- 
gineering invites applicants for tenure track po- 
sitions at all faculty ranks. The Department had 
630 undergraduate majors and 220 active gradu- 
ate students. Position qualifications include 
U.S. citizenship or permanent resident status, 
Ph.D. in Engineering, ability to teach at all lev- 
els, supervise M.S. and Ph.D. candidates, and 
pursue funded research in areas such as com- 
munications, optical engineering, computer en- 
gineering, or modern electronics. Huntsville, a 
high-technology city, offers congenial living, a 
unique cultural environment, and many oppor- 
tunities for Summer employment. Positions will 
remain open until they are filled. Send resume 
with names and telephone numbers of three 
references to: Chair, ECE Department, UAH, 
Huntsville, AL 35899. Telephone: (205) 895-6316. 
UAH is an Affirmative Action/Equal Opportuni- 
ty Employer. 


University of California, Irvine Department of 
Radiological Sciences Faculty Position in Med- 
ical Imaging. The University of California, Irvine, 
Department of Radiological Sciences, has an 
opening for a faculty position as Assistant 
Professor or Assistant Professor In-Residence 
in Medical Imaging. The candidate must have 
a Ph.D. in physics or engineering with proven re- 
search experience, and, preferably, administra- 
tive expertise. Individuals with broad interdis- 
ciplinary research interests are encouraged to 
apply. Experience in MRI and/or nuclear imag- 
ing is desirable. Applicants should have previ- 
ous experience inacademic institutions. Re- 
search experience, which includes a success- 
ful record in obtaining contract and grant sup- 
port is desirable. The level of appointment and 
salary is dependent upon the candidates’s ex- 
perience and academic achievements. Candi- 
dates should send their curriculum vitae, state- 
ment of research interests, and the names of 
five references to: Richard M. Friedenberg, M.D., 
Professor and Chairman, Department of Radi- 
ological Sciences, University of California, Ir- 
vine Medical Center, 101 City Drive South, Route 
140, Orange, CA 92668. The University of Califor- 
nia is an Equal Opportunity and an Affirmative 
Action Employer. 


University of Arkansas, Electrical Engineering 
Faculty Position. The Department of Electrical 
Engineering, University of Arkansas, has a 
faculty position available January 1991 in the 
area of power systems. Applicants must have 
an earned doctorate. Duties include under- 
graduate and graduate teaching and research. 
Send applications including a list of references 
to Head, Department of Electrical Engineering, 
University of Arkansas, Bell Engineering 
Center-3217, Fayetteville, Arkansas 72701. The 
University is an Equal Opportunity/Affirmative 
Action Employer. 


The Department of Electrical Engineering, 
University of Florida, is seeking applications for 
the chairmanship. This position is tenure accru- 
ing and the concurrent faculty appointment is 
Full Professor of Electrical Engineering. The 
salary is dependent upon qualifications and ex- 
perience. Individual applicants should have a 
distinguished research and teaching record 
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with demonstrated interest in academic ad- 
ministration. Applications are invited to arrive 
no later than July 30. Early applications are en- 
couraged as the position is open beginning Fall 
Semester 1990. Send application with resume 
and list of references to: Chair, Search Commit- 
tee, 216 Larsen Hall, Department of Electrical 
Engineering, University of Florida, Gainesville, 
FL 32611. The University of Florida is an Equal 
Opportunity/Affirmative Action Employer. Wom- 
en and minorities are encouraged to apply. Ac- 
cording to Florida law, applications and meet- 
ings regarding applications are open to the pub- 
lic on request. 


University of Houston, Department of Electrical 
Engineering, Faculty Position in Applied Ge- 
ophysics. The Department of Electrical En- 
gineering invites applications for a faculty po- 
sition in the applied geophysics area available 
in January 1991. Preference will be given to can- 
didates with a Ph.D. degree, several years of in- 
dustrial experience, and an established record 
in seismic and/or digital signal processing re- 
search. The candidate is expected to be a sen- 
ior member of the Allied Geophysical Labora- 
tory, an industry-supported consortium, and to 
serve as a liaison to the ongoing improved oil 
recovery and well logging research programs. 
A background in engineering would be desira- 
ble. Applications and resumes, together with 
the names and addresses of three references, 
should be sent to: Dr. L.C. Shen, Department of 
Electrical Engineering, University of Houston, 
Houston, TX 77204-4793. An Equal Opportuni- 
ty Employer. 


Chairman, Electrical Engineering University of 
Pittsburgh. Nominations and applications are 
invited for the position of Professor and Chair- 
man, Department of Electrical Engineering at 
the University of Pittsburgh. Candidates should 
possess a vision of the future directions for 
Electrical Engineering and have the leadership 
and managerial skills to promote and imple- 
ment that vision. The successful candidate 
must have a demonstrated record of excellence 
in both teaching and research. An earned doc- 
torate is required. The Electrical Engineering 
Department has 24 tenure stream faculty mem- 
bers spanning the areas of computer engineer- 
ing, electronics, signal processing, communi- 
cations, systems, control, and power. The 
Department offers BS, MS, and Ph.D. degrees, 
and has an enrollment of approximately 340 un- 
dergraduate students (sophomore through sen- 
ior level), and 180 graduate students. The 
University of Pittsburgh, entering its third cen- 
tury, has established a strong tradition of edu- 
cation, research and service and is a member 
of the select American Association of Univer- 
sities. The Electrical Engineering Department 
celebrates its centennial anniversary in 1990. 
This position will be filled by September 1, 1991. 
Nominations or applications, including resume 
and names and telephone numbers of refer- 
ences should be sent before October 1, 1990 to: 
Professor Larry J. Shuman, Associate Dean of 
Engineering, Chairman of Electrical Engineer- 
ing Search Committee, University of Pittsburgh, 
Pittsburgh , PA 15261, Telephone: 412-624-9814. 
The University is an affirmative action and 
equal opportunity employer. 


South Australian Institute of Technology 
Professor of Computer Systems Engineering. 
Applications are invited for appointment to the 
Foundation Chair in Computer Systems En- 


gineering. This is expected initially to be a joint 
appointment in the School of Electronic En- 
gineering and the School of Mathematics and 
Computer Studies at The Levels Campus. The 
position is tenurable. It is anticipated that the 
Institute will be redesignated as a university by 
1991. The appointee will provide leadership in 
the further development of teaching programs 
and initiation of research activity in Computer 
Systems Engineering. A demonstrated ability to 
attract applied research funding and research 
students is highly desirable. The position re- 
quires a person whois a professional engineer 
with a strong interest also in computer science/ 
software engineering. The School of Electron- 
ic Engineering has established a strong and 
unique research record in selected areas of 
electronic engineering including digital com- 
munications, microelectronics, and measure- 
ment and instrumentation. Research in Com- 
puter Studies has focused primarily in the areas 
of software productivity tools, human-computer 
interaction and manufacturing support. Interac- 
tion with industry provides excellent opportu- 
nities for all collaborative research and consul- 
tancy. Both Schools have well equipped labora- 
tory facilities and a wide range of computing fa- 
cilities. The current salary for a Professor is 
A$65,837 per annum. Opportunities for private 
consulting would enable the salary to be aug- 
mented. Further details about the position may 
be obtained from: Prof. R.S. Northcote, Head of 
Computer Studies, Tel: +61 8 343 3202 Facs: 
+61 8 349 4367 EMail: marsn @levels.sait.edu.au. 
Applications, including a detailed curriculum vi- 
tae and names and address of three referees 
should be forwarded to Mr. Grant Wiles, Recruit- 
ment Officer, S.A. Institute of Technology, GPO 
Box 2471, Adelaide, SA 5001 Australia by 31st 
August, 1990. The Institute reserves the right to 
consider late applications or fill the post by in- 
vitation. REF. MACSO09. The Institute is an 
Equal Opportunity employer and smoke-free 
working environment. 


lowa State University, Ames, lowa. The Depart- 
ment of Electrical and Computer Engineering 
seeks applicants for faculty positions at the as- 
sociate or full professor level starting August 
1990. Particular interests include computer net- 
works, distributed computing, data communi- 
cations. The department supports a networking 
research and teaching lab which contains over 
$250,000 of equipment. Supported networks in- 
clude: Starlan, Ethernet, Token Ring, ISDN, with 
plans to add token bus and FDDI. Funded proj- 
ects include: integrated voice/data/voice net- 
works, transport protocols for internetworking, 
and high-speed control bus protocols. Appli- 
cants should be committed to teaching excel- 
lence, extension, and a demonstrated ability to 
obtain peer reviewed publications and external 
funding. Interested persons should send a cur- 
riculum vita and a list of 3 referencse to Dr. John 
Lamont, Chairman Faculty Search Committee, 
201 Coover Hall, lowa State University, Ames, 
1A 50011. Phone 515 294-2663. Internet: 
lamont @isueel.ee.iastate.edu. lowa State 
University is an Equal Opportunity/Affirmative 
Action Employer. 


Dynamics and Control of Machines and/ or 
Structures Position in the Engineering College 
at Ohio University. Duties include undergradu- 
ate-graduate teaching and research with em- 
phasis on large flexible structures. Assistant or 
Associate Professor, dependent upon the ap- 
plicants’s credentials and qualifications. Can- 
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didate must have an earned doctorate in En- 
gineering and demonstrated potential for 
teaching and research. Review of applications 
begins July 15, 1990 and continues until posi- 
tion is filled. Send letter of application, resume 
and names of three reference and citizenship/ 
immigration status to Dr. Glenn A. Hazen, 141 
Stocker Center, Ohio University, Athens, Ohio 
45701. Ohio University is an equal opportunity/ 
affirmative action employer. 


New Zealand, University of Canterbury, Post- 
Doctoral Fellowship (Electrical and Electronic 
Engineering) Applications are invited for a two- 
year University Grants Committee Post- 
Doctoral Fellowship in the Department of Elec- 
trical and Electronic eiginercing to participate 
in research related to the display and percep- 
tion of multidimensional data. Candidates 
should have a strong background in physics 
and/or electrical and computer engineering and 
a doctorate in an area relevant to the research 
topic. A good level of competence in computer 
programming is required together with a knowl- 
edge of one or more of the ee areas: 1) 
digital electronic systems design; 2) high vacu- 
um technology; 3) computer graphics/ image 
processing. The successful applicant will work 
closely with a team of three academic research- 
ers (one physicist, two electrical engineers) and 
anumber of (post) aaa students in the de- 
velopment of a 3-dimensional display device 
(currently in prototype form), the transforma- 
tion of k-dimensional data sets into m- 
dimensional display spaces (m‘k) and various 
aspects of the perception of images, natural 
and synthesised. Applicants must be aged 35 
years or less and have been awarded, or have 
qualified for the award of, the degree of Doctor 
of Philosophy, or a degree equivalent thereto, 
or who have submitted a thesis for examination. 
The age limit may be relaxed in special circum- 
stances or in order to avoid hardship to an ap- 
plicant for a Fellowship. The emolument for a 
Fellowship shall be at a rate not exceeding the 
lowest step of the Lecturer salary scale 
($NZ36,000 per annum). Enquiries oe be 
directed to Dr P.J. Bones, Department of Elec- 
trical and Electronic Engineering (Fax 64 3 
642 705). Before submitting a formal written ap- 
plication, candidates are requested to obtain 
Conditions of Appointment from the under- 
ae Applications, quoting Reference Code 
C90/01, close on 31 July 1990 and must be ad- 
dressed to: A.W. Hayward, Registrar, Universi- 
ty of Canterbury, Private Bag, Christchurch, 
New Zealand. 


Research in integrated optics including the de- 
velopment of a technique to characterize the 
optical properties of organic semiconductor 
waveguide devices, & the design, fabrication, 
characterization of III-V compound optoelec- 
tronic devices. Deere the electronic & op- 
tical properties of IIIl-V compound & organic 
semiconductor heterojunctions. Req: Ph.D. in 
Electrical ee three years research ex- 
perience, specialized knowledge of integrated 
optics, semiconductor device technology and 
high vacuum systems. Sal: 634.62/week, 40 hrs/ 
week, Job/interview site: Los Angeles, CA. Send 
this ad and aresume to Job #JM15075, PO. Box 
eo obiped igieg CA 95823-0560, not later than 
uly 30. 


Engineering Research Associate—Stanford 
University seeks an engineering research as- 
sociate to develop an advanced three- 
dimensional semiconductor device analysis 
program. Duties include developing advanced 
numerical analysis techniques and implement- 
ing parallel solution and other routines on ad- 
vanced computer hardware which includes In- 
tel 1860 based message-passing parallel com- 
puter. S/he will also be responsible for interac- 
tion with industrial sponsors and users of the 
code. The position requires a knowledge of the 
field of numerical analysis, device physics, in- 
tegrated device electronics and a familiarity 
with the programming environment of Intel 
iPSC computer series. Ph.D. in Electrical En- 
ee required. Salary $48,000 per year. 

end application and resume to Administrator, 
AEL 205, Stanford University, Stanford, CA 
94305 no later than Aug. 1st, 1990. 


Research Position in paptes Ocean Science, 


University of California, San Diego. The Marine 
Physical Laboratory, Scripps Institution of 
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Oceanography, invites applications from scien- 
tists for appointments at the Postgraduate Re- 
search, Assistant Research, or Associate Re- 
search level. Applicants with an interest in con- 
ducting innovative experimental work at sea 
will be given strongest consideration. Fields of 
interest include, but are not limited to, sonar or 
ocean acoustics, geology, geophysics, physical 
oceanography, autonomous or tethered sub- 
mersible vehicles, radar oceanography, and ma- 
rine micrometeorology. Applicants should have 
a Ph.D. Postgraduate Research and Assistant- 
level candidates will be expected to show evi- 
dence of their potential through letters of 
recommendation ad a publication record ap- 
propriate for theri experience. Associate-level 
candidates must show evidence of a strong re- 
search record in their specialization. Salary will 
be commensurate with experience and qualifi- 
cations and based on UC pay scale. Immigra- 
tion status of non-US citizens should be stated 
in the resume. There is the possibility that more 
than one appointment can be made. Closing 
date for a Rue is July 31, 1990. Direct in- 
quiries to Dr. W.S. Hodgkiss, Marine Physical 
een Scripps Institution of Oceanogra- 
phy. San Diego, CA, 92152. (619) 534-1798. The 
niversity of California, San Diego is an equal 
opportunity/affirmative action employer. 


Southwest Missouri State en Head, In- 
dustrial Technology Department. The Depart- 
ment of Industrial Technology at Southwest 
Missouri State University invites applications 
for a tenured, Department Head position. 
Responsibilities include teaching, service, re- 
search, and support faculty in these areas. Oth- 
er duties include administering all aspects of 
the department, actively seek resources to sup- 
port industrial outreach initiatives, provide ac- 
tive leadership and commitment to affirmative 
action aed coordinate the development 
of ABETTAC accreditation programs, and to 
coordinate with a director the accreditation of 
IT programs in Industrial Management and In- 
dustrial Technology. The department consists 
of 17 full-time faculty with over 400 majors. Ad- 
ditional per course faculty are employed to as- 
sist with special and evening programs. Appli- 
cants should have an appropriate advanced en- 
gineering degree and doctorate from an ac- 
credited institution. Administrative and/ or 
leadership experience in higher education with 
three years of industrial experience. Salary 
commensurate with experience. Closing date: 
August 1, 1990. Submit letter of application, re- 
sume, official transcripts, names and telephone 
numbers of three current references to: Chair- 

erson of Department Head Search Committee, 

epartment of Industrial Technology, South- 
west Missouri State University, 901 South Na- 
tional Avenue, Springfield, MO 65804-0094. 
SMSU is an Equal Opportunity/Affirmative Ac- 
tion Employer. 


Associate Director—Industrial Liaison, Center 
for Telecommunications Research. Responsi- 
bilities include representation of technical in- 
novations to participating industrial companies 
and development of new corporate affiliates. A 
strong technical background in leading-edge 
telecommunications is required. Ph.D. in EE 
desired but not essential. Send resumes to at- 
tention of: Prof. A.S. Acampora, CTR, Columbia 
University, 500 W. 120th St., Suite 1206, New 
York, NY 10027. Columbia University is an af- 
firmative action/equal opportunity employer. 
We encourage applications from qualified 
women and minorities. 


New Zealand University of Canterbury Senior 
Lecturer or Lecturer Electrical and Electronic 
Engineering. Applications are invited for a po- 
sition, as above, in the Department of Electri- 
cal and Electronic Engineering. Expertise is ex- 
pected in one or more of the following areas: 
digital signal processing; data, radio-frequency, 
microwave, optical or satellite communica- 
tions; microelectronics, VLSI, computer net- 
works. Applicants must have appropriate aca- 
demic qualifications and a record of research 
or industrial experience. The salary for Senior 
Lecturers is on a scale from $NZ50,000 to 
$NZ58,600 per annum and a range from 
$NZ60,800 to $NZ64,500, and for Lecturers is on 
a scale from $NZ36,000 to $NZ43,700 (bar), and 
a scale from $NZ45,000 to $NZ47,200 per an- 
num. Applications close on 31 om pe 1990. Fur- 
ther particulars and Conditions of Appointment 


may be obtained from the undersigned to whom 
applications must be addressed: A.W. Hayward, 
Registrar, University of Canterbury, Private Bag, 
Christchurch, New Zealand. The University has 
a policy of equality of opportunity in em- 
ployment. 


Institut national de la recherche scientifique, 
INRS—Telecommunications, Montreal, Cana- 
da, invites applications at all levels for tenure- 
track positions in image communications and 
software for telecommunications. Specific 
areas of interest are fast algorithms, architec- 
tures and signal processing for image commu- 
nication, and software and discrete event sys- 
tem modelling for telecommunications. The 
successful candidate will need to develop a 
strong research base as well as take part in 
graduate teaching. A PhD in Electrical En- 
gineering or Computer Science is required for 
all positions. The working language of the Insti- 
tute is French. INRS—Telecommunications is a 
Centre for research and graduate studies, af- 
filiated with the University du Quebec and co- 
located with the research laboratories of Bell- 
Northern Research in Montreal. Excellent, up- 
to-date facilities for research are available. Ap- 
plications may be sent to: Dr. R. deB. Johnston, 
Director, INRS—Telecommunications, 3 Place 
du Commerce, Ile-des-Soeurs, Quebec H3E 1H6, 
Canada. Tel.: (514) 765-7846. Fax: (514) 765-8785. 
All qualified candidates are encouraged to ap- 
ply but, in accordance with Canadian Immigra- 
tion laws, preference will be given to Canadian 
citizens and landed immigrants. 


The Department of Electrical and Computer En- 
gineering at Oregon State University invites ap- 
plicants for a tenure-track faculty position at 
Assistant/ Associate Professor level in com- 
puter engineering beginning Winter 1991. The 
specific area of interest is parallel computer ar- 
chitectures. Candidates must have an earned 
doctorate in electrical/computer engineering, 
the ability to teach effectively, and a commit- 
ment to develop a significant sponsored re- 
search effort. With a faculty of 27, the depart- 
ment enrolls 600 undergraduate and 80 MS/PhD 
students. Regional corporations such as 
Hewlett-Packard, INTEL, MENTOR, NCUBE, 
Tektronix, and others support computer en- 
gineenaa research in the Department. The 

partment recently expanded its facilities 
with the addition of a new building. Located in 
the Willamette Valley 80 miles south of Port- 
land, OSU and the city of Corvallis offer unsur- 
passed livability in a quality environment. Ap- 
plications must include a comprehensive re- 
sume, a list of three professional references, 
and a letter of interest. Address applications 
and inquiries to Dr. Patrick M. Lenders, Chair, 
ECE Department Faculty Search Committee, 
Department of Electrical and Computer En- 
eet Oregon State University, Corvallis, 

R 97331-3211. Review of applicants will begin 
October 1, 1990 and continue until the position 
is filled. Oregon State University is an Affirma- 
tive Action/ Equal Opportunity Employer and 
complies with Section 504 of the rehabilitation 
Act of 1973. OSU has a policy of being respon- 
sive to the needs of dual career couples. 


Research Associate: Ph.D. in Materials Science 
plus 3 years training in Advanced Materials 
Science R&D required. Must be experienced in 
assembly, maintenance, and operation of depo- 
sition systems, vacuum equipment, and vacu- 
um deposition procedures. Must also have fun- 
damental and theoretical knowledge of solid- 
state semiconductor physics and formation, 
processing, and analysis of advanced electric 
materials; experience with SEM, DSC, TGA, Au- 
ger, adhesion testing, profilometer, photolithog- 
raphy, and mask aligners; experience with etch- 
ing, evaporation, and sputtering techniques 
and equipment; and working knowledge of 
Macintosh, IBM, and PC-compatibles. R&D of 
deposition, characterization, and application of 
polycrystalline diamond and diamond-like car- 
bon with specific emphasis on mircoelectron- 
ics, high power substrates, and high energy 
storage. Responsible for assembly and opera- 
tion of ASTeX’s system to grow diamond films 
and study growth kinetics. Will also study feasi- 
bility of deposition various substrates; effects 
of growth process upon thermal, mechanical, 
chemical, dielectric, and optical properties. Will 
write technical and scientific progress reports, 
refereed papers, and thin film processes, tech- 
nologies, and equipment. 7:45 a.m. to 4:45 p.m., 
40+ hours per week, $25,000 per year. Apply to 
Connie W. Spates, Alabama State Employment 
Service, PO. Box 1072, 741 East Glenn Avenue, 
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FREE! 
Summer 1990 Standards Catalog 


The Summer 1990 Standards Catalog is now 
available—and IEEE members can currently buy 
standards publications at a 50 percent discount on 
their first copy! Contact us to get your free catalog. 
It contains: 

¢ Acomplete, up-to-the-minute listing of the 600 
IEEE standards publications now available, in- 
cluding: 

- The IEEE Standard Dictionary of Electrical and 
Electronics Terms, fourth edition (IEEE Standard 
100-1988) 

- The IEEE 802 Series on Local Area Networks (in- 
cluding the ISO 8802 standards) 

- The IEEE Microprocessor Series 

- The National Electrical Safety Code (ANSI 
; C2-1990) 

- The IEEE Color Book Series for Industry Appli- 
cations and Power Engineers 

- IEEE-published Power collections, including the 
C37, C57, C62, C63, Nuclear, and Protective Relay- 
ing collections 
e Asummary of IEEE Society-sponsored events. So 
if you're looking in the catalog’s Power Engineer- 
ing section, for example, you'll also find a listing 
of events sponsored by the Power Engineering So- 
ciety that might interest you. 

e An offer of a free one-year subscription to our 
quarterly newsletter, The [EEE Standards Bearer. 
Just order before Aug. 31, 1990, using the order 
form from our catalog. 

To get your FREE copy of the Summer 1990 Stan- 
dards Catalog, call toll-free in the United States and 
Canada: 1-800-678-IEEE. Or CIRCLE # 91 on the 
Reader Service Card. 
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New Power Seminar on 
Human Factors Engineering 
at Nuclear Power Generating Stations 
Pittsburgh, Pa.—Sept. 24-25, 1990 


The IEEE is sponsoring a new seminar on Human 
Factors Engineering at Nuclear Power Generating 
Stations. The purpose of this course is to help avoid 
disasters such as Chernobyl and Three Mile Island 
by using human factors engineering (HFE). This 
course will make concerned engineers familiar with 
the concepts and terms of human factors engineer- 
ing and will help them determine when to bring in 
outside HFE experts. It will also show how HFE can 
help reduce operating expenses, maintenance costs, 
and plant trips. 

Attendees will receive a complete set of lecture 
notes, plus a free copy of the IEEE standard on which 
this seminar is based, IEEE Standard 1023-1988, 
IEEE Guide for the Application of Human Factors En- 
gineering to Systems, Equipment, and Facilities of 
Nuclear Power Generating Stations. Continuing Edu- 
cation Units are awarded to all those who success- 
fully complete any IEEE Standards course. 


For more information on our Human Factors En- 
gineering seminar, please call us from the continental 
United States or Canada at 1-800-678-IEEE. Just ask 
for Seminars on Standards. Or CIRCLE # 92 on the 
Reader Service Card. 


nized experts and are designed to provide applica- 
tions engineers with quality ‘‘how-to’’ instruction 
on topical subjects. 


THE STRUCTURE OF FFT 
AND CONVOLUTION ALGORITHMS, 
presented by James W. Cooley, 
IBM Thomas J. Watson Research Labs 


The course is designed to yield an understanding 
of the structure of a wide variety of FFT algorithms 
in order to help the engineer, computer designer, 
and programmer get an efficient fit of algorithms to 
hardware implementations. The basic arbitrary radix 
algorithms will be covered with attention to their 
arithmetic complexity and data access. Prime fac- 
tor algorithms and their special properties, includ- 
ing the required index schemes, will be described. 
Some of the less prominent DFT methods, includ- 
ing number-theoretic and polynomial transforms, 
will be covered with a view towards pointing out their 
special properties relative to implementations. 


Price: $65.95, Member; $135.95, List 


SYNTHETIC APERTURE RADAR: 
A SIGNAL PROCESSING VIEWPOINT, 
presented by David C. Munson Jr. 
University of Illinois 


Synthetic-aperture radar (SAR) is a microwave im- 
aging system capable of producing high-resolution 
images of terrain and target objects from data col- 
lected by a relatively small antenna. This tutorial will 
give a first-principles development of SAR requir- 
ing no radar background. The objective will be to 
introduce the signal-processing aspects of SAR and 
to give an understanding of the image formation pro- 
cess, beginning with the original scene and end- 
(Continued overleaf) 














































































HOME VIDEO TUTORIALS 


Home Video Tutorials (HVTs) are videocassettes that 
provide low-cost, high-impact instruction by recog- 
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ing with the final image. 
Price: $65.95, Member; $135.95, List 

To order, for additional information on tutorial video- 
tapes, or for a free Educational Activities catalog, 


call 1-800-678-IEEE, Education Department. Or CIR- 
CLE # 93 on the Reader Service Card. 





GUIDELINES TO 
PROFESSIONAL EMPLOYMENT FOR 
ENGINEERS AND SCIENTISTS 


The ‘‘Guidelines to Professional Employment for En- 
gineers and Scientists’ has been updated and ap- 
proved by 33 engineering and scientific societies, 
including the Institute of Electrical and Electronics 
Engineers, Inc. 

The guidelines were developed for use by employ- 
ers in evaluating their own practices, by professional 
employees in evaluating their own responsibilities 
and those of their employers, and by new gradu- 
ates and other employment seekers in evaluating 
their potential new employers. 


Available from IEEE-US Activities, a sample copy of 
the document and information about receiving bulk 
copies of this 3rd edition for distribution may be ob- 
tained by CIRCLING #96 on the Reader Service Card. 





NEW 1990 EDITION 
IEEE MEMBERSHIP DIRECTORY 


The two-volume 1990 IEEE Membership Directory 
provides quick access to the name, current loca- 
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tion, and title of over 275,000 IEEE members and 
affiliates (excluding students) in 137 countries. 
Where authorized, telephone numbers are included. 

Use this official IEEE Directory to locate the doers, 
the contributors, the influential, working within the 
disciplines we cover—in industry, business, govern- 
ment, and academia. An ideal way to contact authors 
and others who have specific information you need. 

In addition to the membership roster, the 2000- 
page directory contains useful information for IEEE 
members, such as: IEEE Fellows’ biogra- 
phies. . . listings of IEEE Past Presidents, officers, 
and directors. ..the purposes, organization, and 
history of the IEEE. . . requirements for the attain- 
ment of various membership grades. 


For more information on how to order the directory, 
CIRCLE #97 on the Reader Service Card. 





FROM IEEE PRESS 
BOOKS FOR PROFESSIONALS 


RADAR APPLICATIONS 

Edited by Merrill |. Skolnik. 1988. 488 pages. 
ISBN—0-87942-223-8. A Book of Selected 
Reprints. 

Radar Applications provides readers with a unique 
way of understanding radar systems and 
technology—they learn about major applications of 
radar, such as civil air-traffic control, aircraft navi- 
gation, ship safety, space, remote sensing of the 
environment, law enforcement, instrumentation, and 
the military. 

Divided into seven parts, the book includes 38 
reprinted papers, an introduction to radar, and an 
overview of its history and applications. Design en- 





gineers, electrical engineers, and scientists alike— 
all will find Radar Applications an invaluable addi- 
tion to their library. 

Contents: Introduction; Introduction to Radar and 
Its Applications; Air-Traffic Control Radar; Military 
Radar; Airborne Radar; Space-Borne Radar; Remote 
Sensing of the Environment with Radar; Other Ap- 
plications of Radar; Author Index; Subject Index; 
Editor’s Biography. 

Hardcover, Order No. PC02212-PBS 
Price: $42.90, Member; $57.20, List 


To order... just dial 1-800-678-IEEE or CIRCLE 
# 95 on the Reader Service Card. 





NEW FROM THE IEE 


DIGITAL SIGNAL PROCESSING: 
PRINCIPLES, DEVICES AND 
APPLICATIONS 
by N. B. Jones 


This book differs from others in the field of digital 
signal processing in that it not only presents the fun- 
damentals of DSP ranging from data conversion to 
z-transforms and spectral analysis, extending this 
into areas of digital filtering and control, but also 
gives significant details of the new devices them- 
selves and how to use them. 


424 pages, casebound, 1990, $79.00. 


Credit card and telephone orders accepted. Call or 
write to PPL Department/IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, N.J. 08855-1331; 
201-562-5554; fax, 201-981-0027. 


For more information, CIRCLE # 94 on the Reader 
Service Card. 
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Auburn, AL 36831-1072, J.O. Number AL0703635. 
Minorities and women are encouraged to apply. 
Auburn University is an equal opportunity and 
affirmative action employer. 


Microelectronics Engineers. The School of 
Microelectronic Engineering at Griffith Univer- 
sity (Brisbane, Australia) seeks to appoint two 
new lecturers. This is part of the continuing ex- 
pansion of the School of Microelectronic En- 
gineering of the Division of Science and Tech- 
nology. The School provides a coordinated 
coverage of integrated electronics with applica- 
tions in the areas of integrated analogue and 
digital electronics, solid state physics, commu- 
nications, computing, digital systems and con- 
trol systems. Applications are sought from peo- 
ple currently working in academic institutions, 
private industry and government laboratories or 
recent doctoral graduates who have expertise 
in any of the areas indicated. It is anticipated 
that applicants will have a higher degree and an 
interest in working in an active teaching and re- 
search environment. Opportunities to initiate 
new research projects are available in addition 
to working with a number of existing research 
teams. Specific teaching experience required 
includes integrated electronic circuit design 
and applications in communications (hardware 
and software), digital circuits and systems, in- 
telligent systems, microelectronics design and 
technology. The appointees will be expected to 
commence duties not later than January 1991. 
It is expected that the appointments will be 
made in the lecturer salary range, $A32,197 to 
$A41,841. Benefits include superannuation and 
assistance with removal expenses for appoin- 
tees from outside Brisbane. The University is in- 
terested in increasing the proportion of women 
in positions of this kind. Accordingly, applica- 
tions from both men and women are en- 
couraged. There are some child care facilities 
on the campus which provide full-time and 
after-school care, but there is no guarantee of 
a place in the facilities. Further details may be 
obtained from Mr. J.R. Walden, Divisional Ad- 
ministrator, Division of Science and Technolo- 
gy, Nathan (Brisbane) 4111, Australia, to whom 
applications (including curriculum vitae and 
names and addresses of three referees) should 
be sent by 14 September, 1990. (FAX number (07) 
875-7656). Griffith University is an equal oppor- 
tunity employer. 


Staff Position. Sr. Development epee 
of Electronics Staff—University of California, 
Davis, Physics Department. $3625-5441. The 
Physics Department of the University of Califor- 
nia at Davis is seeking an exceptionally ex- 
perienced electronic engineer to head its elec- 
tronics staff for advanced design and operation 
of instrumentation of physics research and 
teaching programs. This is a career Universit 
of California position in a college town with af- 
fordable housing. The engineer will work close- 
ly with faculty, research staff and graduate stu- 
dents. The experimental research programs in 
the Department are active and diversified. The 
candidate must have extensive experience in 
physics research laboratories and expertise in 
all the following areas: 1. Design and fabrica- 
tion of major circuits with digital components: 
(a) TTL, (b) ECL, (K) Advanced CMOS, (d) pals 
and their programming. 2. Operating knowledge 
and component design and fabrication for large 
data acquisition system interfaced with bus 
used in physics experiments: (a) CAMAC, (b) 
FASTBUS, and (c) VME. 3. Design, fabrication, 
and operation of circuitry used in condensed 
matter experiments: (a) Operational amplifier 
circuitry, (b) Lock-in detector circuitry, (c) Radio- 
frequency circuits up to 1 GHz, (d) Pulsed NMR 
circuity. 4. Design, fabrication, and operation of 
stable and very low noise systems: (a) Pream- 
plifiers, (b) Charge sensitive Pre-amps, (c) Shap- 
ing amplifiers. 5. Design, fabrication, and oper- 
ation of high speed analog and digital circuitry 
and knowledge of nuclear instrumentation; e.g. 
Photo-multipliers, gasious and solid state de- 
tectors. 6. Experience in using modern design 
tools: (a) Computer-Aided Design, (b) Analog cir- 
cuitry simulation e.g. SPICE, (c) Digital circuitry 
simulation, e.g. PCAD. Apply to U.C.D. Employ- 
ment Office, TB-122, Davis, CA 95616-8677 for 
Job Number 0516 open until filled but not later 
than July 31, 1990. Applications and resumes 
should include a statement detailing ex- 
perience in each of the sub-categories above, 
and the names and addresses of two active re- 
search physical scientists for reference. For ap- 
plication material call (916) 752-0531, M-F, be- 
tween 10:00a.m. and 2:00p.m. Equal Opportuni- 
ty Employer/Affirmative Action Plan F/M/H. 


CLASSIFIED ADVERTISING 


Government/Industry 
Positions Open 


Electronics Engineers—Washington, DC/Mary- 
land/Virginia. Engineering placement Leaders 
since 1973. Specializing in Product Develop- 
ment (Hardware & Software), Communications, 
Artificial Intelligence, Military Electronics, 
Computer eg eee and VLSI/ASIC. Direct 
resume to: JDG Associates Ltd., 1700 Research 
Bivd., Rockville, MD 20850 - (301) 340-2210. 


Electronics Engineer for firm in NE Ohio. To par- 
ticipate in the design and development of on- 
site/ remote Cardiac Rehabilitation Patient 
Monitoring Systems and microprocessor/elec- 
tronically controlled exercise equipment. This 
involves developing machine and high level lan- 
guage programs; designing and developing 
voice/data integration analog/digital circuitry 
for fiber optic communication to prevent elec- 
tromagnetic interference and to achieve total 
electrical isolation; designing and modifying ra- 
dio frequency electro-cardigram transmission 
analog/digital circuitry; designing and develop- 
ing the microprocessor and electronic controls 
for the Eddy Current Loading device necessary 
for the remotely controlled exercise equipment; 
and preparing the overall systems documenta- 
tion for FDA and FCC approval. Must have M.S. 
in Electrical Engineering and academic pro- 
gram must have included one graduate level 
course each in: Computer Architecture, Expert 
Systems, Microprocessor Interfacing, Digital 
Signal Processing, Digital Data Acquisition, Ad- 
vanced Microcomputer Systems, and Computer 
Communication Networks. Must have 2 years in 
electrical engineering and experience must 
have been in designing and developing 
microprocessor-controlled instrumentation. 40 
hrs/wk, 8am-5pm, $37,500/yr. Must have proof 
of legal authority to work permanently in U.S. 
Send resume in duplicate and course transcript 
(NO CALLS) to J. Davies, JO#1084555, Ohio Bu- 
reau of Employment Services, PO. Box 1618, 
Columbus, Ohio 43216. 


North Central Illinois company has position for 
Engineering Manager, Frequency Control Divi- 
sion, Quartz Crystal Products. Duties: Directs 
and manages all engineering activities of Fre- 
quency Control Division to design, process, 
manufacture and test precision high frequency 
electronic quartz crystal resonators (1 MHz up 
to 500 MHz); reviews all advanced designs to es- 
tablish concepts, determine feasibility and 
manufacturability; reviews all new program “re- 
quest for quotations” from customers to pro- 
vide appropriate design and process direction; 
trains all engineering personnel in advanced de- 
sign and process concepts; provides applica- 
tions engineering information to sales and mar- 
keting staff (for customer support capabilities); 
trains quartz crystal marketing staff in ad- 
vanced product capabilities; provides research 
and development suggestions to top manage- 
ment; confers with management, production 
and marketing staff to determine engineering 
feasibility, cost effectiveness, and customer de- 
mand of new and existing products; assists in 
peplaning forecasts of operating costs of di- 
vision; and oversees the establishment of new 
research and development projects. Will direct 
and coordinate the research, design, develop- 
ment and training of technical staff of ten, six 
possessing technical undergraduate and/ or 
graduate degrees, one possessing a two year 
applied science degree and three non-degreed 
technicians. Responsible for directing the 
specifications for state-of-the-art manufactur- 
ing and test equipment. Basic 40 hours per 
week, 8:00 a.m. to 5:00 p.m.; $3,917 per month, 
overtime pay not applicable. Minimum educa- 
tion, training and experience: 4 years college 
graduate with B.S. degree in Electrical En- 
gineering/or Electronic Engineering/or Electri- 
cal Engineering Technology/ or Physics; or 
equivalent two year associate’s degree in Elec- 
tronics/Engineering Technology and four years 
of progressive experience in engineering de- 
sign, testing and manufacture of electronic 
components resulting in application of 
products for commercial uses; or eight years of 
progressive experience in engineering, design, 
testing and manufacture of electronic compo- 
nents resultin in application of products for 
commercial uses. Two years experience as En- 
geome Manager or six years experience as 

esign Engineer, (Quartz Resonators). Also re- 
search, design, testing, manufacture and/or 
processing experience in field of high frequen- 
cy quartz crystals resonators. Send resume to: 


Illinois Dept. of Employment Security, 401 State 
St.—3 South, Chi., IL 60605, Attention: Len Bok- 
sa, Reference #1436-B, An Employer Paid Ad. 


Electrical Engineer/ Senior Project Manager- 
Cordless Telephones. We are seeking an EE 
who can apply 5 years plus experience to all 
phases of the design and development of cord- 
less telephones. The right candidate will be an 
innovative leader who can motivate people and 
mobilize resources to carry out this project. 
Send resume to: Esquire Radio & Electronics, 
nee” First Avenue, Brooklyn, New York, 
11232. 


Engineer, Staff: Design & test software; develop 
s/w for Fault-Tolerant Operating Systems; con- 
sult re. special s/w techniques such as Decen- 
tralized control of Error Recovery & Real-Time 
Error Recovery, on requests from far-Eastern 
clients including Korea, Japan, & Taiwan. $4500/ 
mo. PhD in Comp. Sci. & 3 yrs. research exp. 
req'd. Knowledge of FT techniques such as 
Conversation & Distributed Execution of Recov- 
ery Blocks. Applied knowledge & exp. in Concur- 
rent Language-Based Operating Systems. Send 
ad & resume to: Job #EG 14966, PO. Box 9560, 
err eres CA 95823-0560, no later than July 
AF i 


Engineer (Senior advisory): Req. Ph.D. ECE and 
3 yrs. exp. or research in thin film magnetic 
recording media, including sputtering deposi- 
tion techniques, ferromagnetic resonance 
spectroscopy (FMR), vibrating sample mag- 
netometry (VSM) and torque magnetometry 
(TM), x-ray diffractometry, profilometry and 
stress measurement, correlation between 
microstructure and magnetic properties, ef- 
fects of vacuum & air annealing on inter- 
granular coupling & computer simulation & 
data analysis. To design new types of thin film 
recording media for high density data storage. 
To deposit and characterize magnetic thin films 
by using sputtering, FMR, VSM, TM, x-ray 
diffractometry and profilometry, and to study 
the correlation between the microstructure and 
the magnetic properties, and the effects of 
vacuum and air annealing on inter-granular 
coupling. $50K/yr. Job site/interview: Fremont, 
CA. Send this ad and your resume to job # 
CP13888, P.O. Box 9560, Sacramento, CA 
95823-0560 no later than August 2, 1990. 


Applications Engineer to maintain customer ac- 
counts, engineering tracking changes, pur- 
chase orders & overall customer relations of au- 
tomotive safety controls including air bags, on 
a daily basis; review Chrysler specifications & 
advise Chrysler engineering regarding en- 
gineering/manufacturing requirements to meet 
time & budgetary constraints; determine tech- 
nical requirements for automotive client’s safe- 
ty applications in terms of performance, metal- 
lurgical properties, product design, assembly & 
production; generate internal management 
reports of production status, forecasts & cur- 
rent industry trends; act as liaison to develop 
automotive safety controls suited to client ap- 
plications; liaise with engineering & purchasing 
departments relative to preparation of quotes, 
technical service & training. Bachelor’s degree 
in Electrical Engineering Technology required 
as well as 6 years experience in job offered or 
6 years experience as Technical Sales Engineer 
and/or Field Service Representative and/ or 
Sales Representative. Experience must have in- 
volved participation in design & manufacture of 
prototypes of electronic trailer tow module & 
rear deck lid closure modules. 40 hours, 9:00am 
to 5:00pm, $41,532/year. Send resume to 7310 
Woodward Ave., Room 415, Detroit, MI 48202, 
Ref. #26390. Employer paid ad. 


Central Electronics Engineering Research Insti- 
tute Pilani (Rajasthan) 333031, India. Director, 
Central Electronics Engineering Research Insti- 
tute, Pilani (Rajasthan) 333103, India invites ap- 
plications from Indian nationals, Ph.D/M.S. with 
specialization/professional experience of a few 
years in a branch of microelectronis or indus- 
trial process control or power electronics. Send 
detailed resume and names and address of 
three professional references to the above ad- 
dress on or before August 15, 1990. 


Scientific Programmer—Position available for 
a person to conduct research into computer 
simulation technology and power systems en- 
gineering techniques. Will incorporate results 
into the development of applications that emu- 
late electric power networks and train utility 
power dispatchers. Position requires a PhD in 
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Electrical Engineering, with an emphasis on large 
scale power systems operation and control, 
electric power network transmission modeling 
and simulation, and at least two years experi- 
ence in the development of utility power systems 
dispatcher simulators using FORTRAN. Must 
be aU.S. Citizen or permanent resident. Salary 
$4250/month. Send resume to: S. Springmeyer, 
#0-114, Minnesota Department of Jobs and 
Training, 390 N. Robert St., Room 124, St. Paul, 
MN 55101. Affirmative Action Employer. 


Senior Design Engineer. Responsible for the de- 
sign and development of frequency hopping 
and standard radio communication receivers in- 
tegrated in communications service monitors. 
Design Duties: Conceptual design—analyze 
and evaluate the performance of optional block 
diagrams, select the best cost effective one. 
Implementation—design the receivers’ RF 
hardware (within 0.1MHz to 1300MHz), such as 
filters, tuners, IF amplifiers and modulation de- 
tectors. Integration—integrate receiver mod- 
ules in the final equipment. Production 
support—prepare required documentation for 
receivers mass production, provide continuous 
technical support. Minimum requirements: 
BSEE, and at least five years of hands-on en- 
gineering experience in the design of radio 
communication receiver products. Experience 
must include at least one frequency hopping ra- 
dio communication receiver product design, 
designed to be manufactured in a production 
line, including: conceptual design, implemen- 
tation, and integration (described in the design 
duties). Conditions: 40 Hours/Week 8:00 a.m. to 
5:00 p.m. $40,000/year. Job site: Wichita, Kan- 
sas. Please send resume to Wichita Employ- 
ment and Training Office 402 E. 2nd Wichita, 
Kansas 67202 cer Refer to Job 
Order No. KS 3301099. Must have proof of legal 
authority to work in the U.S. An equal opportu- 
nity/affirmative action employer. 


Scientific Programmer—Position available for 
a person to research and design mathematical 
algorithms for computer systems that monitor 
and control the transmission of electric power, 
primarily in the area of large-scale power sys- 
tems voltage stability assessment. Will inte- 
grate resulting computer program into a large, 
multi-main frame computer system. Must have 
a doctoral level degree in electrical engineering, 
with research in large-scale electric utility pow- 
er systems voltage stability assessment mathe- 
matical algorithms. Must have taken an under- 
graduate level course in Fortran for the develop- 
ment of programs on computers that utilize ei- 
ther the NOS (Network Operating System) or 
NOS/VE (Virtual Environment) operating sys- 
tem, for graduate level courses in computer pro- 
gram design and techniques and thesis work in 
power systems analysis. Must be a U.S. citizen 
or permanent resident. Salary $3750/ month. 
Send resume to: S. Springmeyer #0-137, Min- 
nesota Department of Jobs & Training, 390 N. 
Robert St. Room 124, St. Paul , MN 55101. An Af- 
firmative Action Employer. 


3 Positions—Senior Engineer: Design/test elec. 
circts. of comm electronic power converters & 
power systems. Apply elec. principles, use com- 
puter design tools, survey commercially 
available components, design suitable soft- 
ware. Develop product applications: commer- 
cial, industrial, medical, military, scientific. 
Power electronic devices rated over 10 kw/use 
series resonant conversion techniques. Super- 
vise technicians/programmers. MSEE or equiv 
req Min 4 yrs job exp or grad work since BS or 
equiv. 2 of the 4 yrs to incld exp w/power sys & 
power electronic devices rated over 10 kw using 
series resonant conversion techniques. 40 hrs/ 
wk, 8-5, $40K/yr Resume to Emp. Div., Attn: Job 
So abe 875 Union St. NE, #201, Salem. OR 


Automation/ Robotics. R&D/D&D/ Integration. 
Nationwide Recruitment & Placement. Bill 
Saur. Telos Consulting Services 916/447-8004, 
106 K St., Sacramento CA 95814. 


Senior Software Product Manager/Clinical Ap- 

lications Scientist: Dynamic Digital Displays 
is currently seeking a Senior Software Project 
Manager and a Clinical Applications Scientist 
to assume leadership roles in the development 
of medical imaging software. A rapidly growing 
medical imaging firm, Dynamic Digital Displays 
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manufactures high performance interactive, 
graphics/imaging workstations capable of 2-D, 
3-D, 4-D and multiplanar image reconstructions 
at real time speeds. Our current top to the line 
platform, the VoxelScope II, offers powerful vol- 
ume visualization tools used in diagnosis and 
surgery planning from CT and MR data sets. The 
Senior Software Project Manager will assume 
the responsibilities of leading a team of innova- 
tive software engineers in product develop- 
ment. Candidates interested in this position 
should have extensive experience in software 
engineering and project management. Previous 
experience in medical imaging, computer 
graphics and image processing is also highly 
desirable. The Clinical Applications Scientist 
will lead an experienced project team in the de- 
velopment of medical applications software for 
our platform. Interested candidates should 
have a PhD degree in a Computer Science, Elec- 
trical or Biomedical Engineering, a strong med- 
ical imaging background and the ability to in- 
teract with clinicians in order to define project 
goals. Dynamic Digital Displays is an Equal Op- 
portunity Employer located in the suburbs of 
Philadelphia and offers competitive salaries 
and benefits. Interested candidates should 
send resumes and curriculum vitae to: Mr. David 
Talton, President, Dynamic Digital Displays Inc., 
St. Davids Center, 130 Radnor-Chester Rd., 
Suite 100, St. Davids, PA 19087. (Phone 
215-975-0975). 


Executive Technical Director wanted by a SW 
Ohio business to direct and coordinate activi- 
ties concerned with the installation and service 
of new and existing product systems through 
delegated subordinates; confer with project 
personnel to provide technical advice and to as- 
sist in solving technical problems; review, pre- 
pare and negotiate complex technical and com- 
mercial proposals; conduct component level 
maintenance training courses at customer 
presmises personally and through delegated 
subordinates; develop and implement methods 
and preparation of records of expenditures, pro- 
gress reports and staff conferences in order to 
inform management of the current status of 
each project; supervise 5 individuals and; must 
be able to travel on an international basis ap- 
proximately 6 times per year for periods of up 
to two weeks at a time. Four years college re- 
quired with the major field of study being either 
electronics or electrical engineering. No exp. re- 
quired in above duties but applicants will quali- 
fy with 3 years as a Systems Engineer involved 
with optical gauging control. Must have at least 
2 years experience with solid state CCD (charge 
coupled device), infra-red detectors and the ap- 
plication of such to the measurement of hot mill 
steel. (The two year experience may be gained 
during the 3 years as a System Engineer.) 40 hrs/ 
wk. 8:30 a.m.—5:30 p.m. $50,000 year. Must have 
proof of legal authority to work permanently in 
U.S. Send resume in duplicate (NO CALLS) to L. 
Eggleston, JO# 1244830, Ohio Bureau of Em- 
ployment Services, P.O. Box 1618, Columbus, 
Ohio 43216. 


Electronics Science and Technology Division— 
Electrical Engineer GS-12, $35,825 to $46,571 
(salary dependent upon qualifications). The 
Electronics Science and Technology Division 
(ESTD), Naval Research Laboratory, invites ap- 
plications for the position of Research Electri- 
cal Engineer in the lon Implantation and Epitax- 
ial Surfaces Section of the Surface Physics 
Branch. This Section carries out research into 
the physics and chemistry of III-V Molecular 
Beam Epitaxy and lon Implantation in an effort 
to enhance the application of these processes 
to the III-V electronic and optoelectronic device 
and IC technologies. The Section is seeking a 
candidate who has at minimum a Ph.D. in Elec- 
trical Engineering (or equivalent) with research 
experience in the growth of Ill-Vs and related 
compounds by molecular beam epitaxy. In par- 
ticular, the candidate should have experience 
in the MBE techniques for atomic layer epitaxy 
and should have direct experience in the growth 
of materials for optoelectronic and electronic 
device applications. Additional expertise in 
transport and optical measurements is desira- 
ble. In particular the successful candidate 
should be able to correlate measured transport 
and optical properties with MBE growth 
parameters and be able to optimize the latter for 
a variety of device and IC applications. To ap- 
ply: Submit an Application for Federal Employ- 


ment (SF-171) or detailed resume by 31 July 1990 
to: Naval Research Laboratory, Civilian Person- 
nel Division, Attn: 68-084-89, 4555 Overlook Av- 
enue, S.W., Washington, DC 20375-5000. Phone: 
(202) 767-3030. An Equal Opportunity Employ- 
er, U.S. Citizenship required. 


Senior System Engineer. For Roanoke, Va. area 
emp. Resp. for design of cont. systems for steel 
industry hot rolling mills incl. def. of sys. funcs. 
& function dist. among diff. units of equip. Def. 
of system signals & system data flow; design 
coordination; define & implement integrated 
system tests; system installation on site. Job in- 
cludes worldwide assigns. of undetermined & 
varying duration. Must have M.S. or equiv. in 
Elec. Eng. w/6 yrs. wrk. exp. in metals industry 
automation, particularly reversing plate mills, 
hot strip mills, cold rolling mills, reheat furnace 
control & blast furnace control. Proficient w/ 
Directomatic II & Directomatic Plus Equip., soft- 
ware langs. PAL Assembly, Fortran, Pascal, 
ASM 80 & Assembly. 40 hrs./wk. Hrs. 8:00-4:45, 
$47,500/yr. No OT. To apply: Mail or hand carry 
res. wicopy of ad attached. to: VEC, Dept. 3008, 
1202 Franklin Rd., Roanoke, Va. 24002-0061, JO 
#VA9032113. EEOE. 


Research Engineer. Resp. for conducting re- 
search and development of semiconductor 
epitaxial materials growth by metalorganic 
chemical vapor deposition. Reqs. a Ph.D. in E.E. 
or Materials Science. Also reqs. doctoral re- 
search in particular epitaxial growth for de- 
velopment of opto-electronic devices; reqs. 
background in optical absorption and infrared 
reflection spectroscopy; photoluminescence 
spectroscopy; and electron microprobe spec- 
troscopy; knowledge of semiconductor device 
theory. Salary: $48,000/yr. Interview/job site: 
Palo Alto, Ca. Send this ad & your resume to Job 
#TC 14303, PO. Box 9560, Sacramento, CA 
95823-0560 not later than July 30, 1990. 


Chief Electrical Engineer/Inspector to design 
and perform on-site inspection of major con- 
struction projects. Direct, supervise, and mon- 
itor performance of engineer staff assistants. 
Requires B.S. Electrical Engineering or equiva- 
lent education and 8 years experience in design 
and field inspection of heavy industrial electro 
mechanical power systems. Position in Seattle 
area. $3847/month. Send resume by 1 August, 
1990 to: Employment Security Dept.: E.S. Divi- 
sion Attn: Job No. 203355, Olympia, Wa. 98504. 


Biomedical Staff Engineer/Scientist for state- 
of-the-art medical consulting, and new product 
definition and design. Education: PhD Biomed- 
ical Engineering, with MS in EE. Requirements: 
7+ years of experience in design, application, 
and clinical evaluation of electronic medical 
equipment; with special emphasis on diagnos- 
tic analysis of cardiovascular system. Frequent 
overseas travel required. Capability to fluently 
communicate in Russian. Salary $48,600 per 
year, depending on experience. Place of em- 
ployment and interviews: Menlo Park, CA. Send 
this ad and resume or letter stating qualifica- 
tions to Job #NOF788, PO. Box 9560, Sacramen- 
to, CA 95823-0560 not later than July 26, 1990. 


Senior Development Engineer for mftr. in NE 
Ohio—40 HR/ WK; OT. as req. 9AM-5PM Sal. 
$40,680 per yr; Education required: Bachelor’s 
Degree in Electronic Engineering. Of the 4 yrs 
of college required, must have completed a 
minimum of 3 undergraduate level courses in 
electronic circuits; minimum of 2 undergradu- 
ate level courses in electrical engineering; a 
minimum of 3 undergraduate courses in 
mathematics & at least 1 undergraduate course 
in physics. Must be able to travel within the U.S. 
at least 5% of the time. Exp. required: 5 yrs in 
the job offered as a Senior Development En- 
gineer or 5 yrs as an Electrical Engineer. 
Responsibilities: designing & implementing 
hardware modules for microcomputer-based 
distributed control system; programming & 
designing a wide variety of systems including 
analog & digital design through command of 
assembly languages. Design includes working 
with Multibus, interface, interrupt controller, 
DC-DC converter, serial channels, RAM, Eprona, 
Lithium battery backup, counter/timer, & numer- 
ous PALs. Analog design includes signal con- 
ditioning, isolation techniques, power supplies 
& linear control theory. Digital design includes 
8 & 16 bit micro processor memories, peripher- 
al devices & programmable logic devices in- 
cluding TTL & MOS devices. Additional respon- 
sibilities include working with industrial 
programmable control systems, networking, 
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multi-processing & programming software from 
the perspective of design & application; coor- 
dinating & supervising all phases of develop- 
ment of each project (including manufacturing 
introduction); & supervising & directing an 
8-man team of engineers & staff assistants in 
development & engineering projects. Must have 
proof of legal authority to work in U.S. Send re- 
sume in duplicate (no calls) to J. Davies, 
JO#1084548, Ohio Bureau of Employment Serv- 
ices, PO. Box 1618, Columbus, OH 43216. 


Senior Design Engineer for a small high tech 
company that specializes in high speed digital 
signal processing (DSP) applied to high perfor- 
mance demanding factory automation. 
DUTIES: Design and development of micropro- 
cessor based control system for computerized 
factory automation. Develop software on high 
speed digital signal processor. Design software 
for control algorithms. Design software for 
hardware and microprocessor interface. Design 
software for computer and computer commu- 
nications. Theoretical analysis of system dy- 
namics and system performance. Numerical 
analysis of control algorithms. Design hard- 
ware for high speed microprocessor based and 
digital signal processor based controller. Sys- 
tem analysis, control design synthesis and un- 
derstanding the physical relationship between 
the elements of electromechanical systems. 
MINIMUM REQUIREMENTS: Master of Science 
in Electrical Engineering; nine months ex- 
perience as a Research Assistant including the 
following concurrent specific experience: (1) 
nine months experience in theoretical and prac- 
tical controller design or control algorithm de- 
sign; and (2) nine months experience ee con- 
trol simulation tools, including PC-MATLAB. 
The following graduate coursework is required 
for this position as part of the MSEE: (1) Digital 
Filter Signal & Theory, (2) Systems Analysis, (3) 
Kalman Filtering and Applications, (4) Modeling 
& Simulation of Dynamic Systems, (5) Linear 
Optimal Control, Com uter Aided Design, (7) 
Advanced Research is DSP (TMS320C25 Digital 
Signal Processor) Hardware Interface. SALARY: 
$42,000 per year. Fulltime. Send resume to 
Lawrence Cheetham #0-89, Minnesota Depart- 
ment of Jobs and Training, Room 124, 390 North 
Robert Street, St. Paul, Minnesota 55101. 


Manufacturer of computers in Denver, Colora- 
do seeks Network Design Engineer to merle os! 
model to the design and development of net- 
work architecture for PC server-based and 
terminal-based LANs. Use Fiber Distributed 
Data Interface (FDDI) to provide high- 
performance backbone network. Engage in 
multi-vendor networks planning, design, instal- 
lation, and service and maintenance. Design 
and test RF emissions and conduction radia- 
tion on devices to assure compliance with FCC 
regulations. Supervise network service team. 
Requires B.S. in Electronics Engineering and 
two years testing and design of RF interference 
on 386/486 PCs and mainframe computers and 
experience in FDDI LANS applications. (Ex- 
perience may be gained concurrently.) $30,000/ 
year; 8:30-5:30, M-F. Respond by resume to 
James Shimada, Colorado Department of Labor 
& Employment, Division of Employment & Train- 
ing, 600 Grant St., Suite 900, Denver, CO 80203, 
and refer to Job Order No. CO3193398. 


Controls Designer for electronic dry kiln control 
systems. Applicant must be able to design and 
customize dry kiln control systems which meas- 
ure and regulate the aoe process for lumber, 
veneer, and wood chips. Design and draft the 
hardware and software for electronic dry kiln 
control devices. Develop/design the circuitry for 
the PC. boards. Write the microprocessor pro- 
grams for these kiln-drying systems to ensure 
the wood drys at the optimum rate and temper- 
ature. Consult with others, both in the U.S. and 
in Germany, regarding these designs. Must be 
able to speak and read German and have knowl- 
edge of how to measure the humidity of lumber. 
B.S.E.E. in Electrical Engineering and 1 year ex- 
perience is required. 40 hrs wk; $2,360 mo. Ap- 
ply: Employment Division, Attn: Job Order 
enn 875 Union St. NE, Rm 201, Salem, OR 
nts 


Electrical Instrumentation Engineer. Laying 
out, testing, and evaluation of new circuits 
as improvements to Mossbauer Spectrometer 
and radiation detection system, programming 
and interfacing the PC with instruments, 
programming to improve the curve fitting, some 
machine-shop work for improving transducer, 
utilizing laser interferometer and optical tech- 


niques for velocity calibration, designing 
temperature control unit for low temperature 
cryogenics and high temperature furnace. 
Must have a Master’s Degree in Electrical or 
Instrumentation Engineering or all require- 
ments completed. In addition, coursework must 
have included the following: 15 credit hours 
in nuclear instrumentation and electronics, 
21 credit hours in programming and mathe- 
matical analysis, 15 credit hours in micro- 
computer and microprocessor and a thesis 
or one year research on fast radiation detection 
system. Salary: $32,169.00 per year/ 40 hours 
per week. Apply at the Texas Employment 
Commission, Ft. Worth, Texas or send resume 
to Texas Employment Commission, TEC Build- 
ing, Austin, Texas 78778, J.O. Number 5518168. 
Ad Paid by an Equal Employment Opportunity 
Employer. 


Senior Research Engineer—Development of 
systems for analyzing electromagnetics using 
finite element analysis. Modeling of plasma 
discharges using finite element methods. 
Performing heat transfer analysis. Salary, 
$40,000 per year, basic, 40 hour week (8:30 
a.m.—5:30 pi. nents Eight years 
college with a Ph. egree in Electrical En- 
Snacens: Master Degree in Physics; Doctoral 

hesis in Plasma Physics is required. Send 
resume: MESC, 7310 Woodward Ave., Room 415 
(Reference No. 41090) Detroit, MI 48202. Em- 
ployer paid ad. 


Chief Engineer (Engineering Services). A promi- 
nent Mid-Atlantic based engineering services 
company is seeking a chief engineer to support 
a division of 600, with direct responsibility for 
a Meee of 100. The ideal candidate will have an 
MSEE coupled with a significant amount of 
broad engineering management experience. Ex- 
amples of current business areas include C3 
and avionics communications, modification en- 
gineering and test technology. This individual 
will be an integral part of the management team 
participating in strategic planning, implemen- 
tation planning and business development. Ex- 
cellent compensation and benefits package. 
Please send resume and salary history in strict 
confidence to: PO. Box 70022-C, Washington, 
D.C. 20088. 


COMPUTER-AIDED 
SYSTEMS ENGINEERING 


This HVT, presented by Dr. Howard Eisner, Professor at George Washington University, begins 
with an overview of Computer-Aided Systems Engineering (CASE). Some thirty formal elements 
of systems engineering are presented as in an overview of the related field of computer-aided 
software engineering and software development life cycle factors. The CASE environment is ex- 
amined, leading to the specific citation of some thirty categories of computer aids/tools that support 


systems engineering. 


One two-hour videotape and a study guide/workbook. 


Each tutorial videotape is IEEE member priced at $59.95 ($109.95), plus $5.00 for handling. For 
shipments to NY, NJ, CA, and DC add appropriate sales tax. Please call for overseas shipping char- 


ges. 


For complete ordering information, call IEEE’s Educational Activities Department at 201-562- 
5499, FAX#: 201-981-1686, or Telex: 833233. 


Or write to: IEEE Educational Activities 
445 Hoes Lane, PO Box 1331 
Piscataway, NJ 08855-1331 
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¢Electro’/9) 1 


Invites 
Your Professional Participation 














ELECTRO, the only conference and exhibition for the entire engineering team on the East Coast, 
welcomes your professional participation. Proposals for two-hour sessions, and/or individual papers, 
are now being accepted in the following categories: 













© Career Opportunities © Software and Design Tools 
® Video and Display Technology © Marketing /Engineering i 
® New Electronic Materials © Engineering Entrepreneurial 
© Advanced Computer Concepts Activities . 
© Lightwave Technology ® PC Workstations 
© Microwave Technology © Manufacturing and Process Control 

Quality © Power 

Communications ® Instrumentation 





Globalism 


IC Technology 


Medical Electronics 











Transportation 


For further information and an official submission form, call The Education Dept. at 1-800-877-2668. 
Applications must be received by July 30, 1990. Notification of acceptance will be mailed on or about 
August 20, 1990. 











Concurrent Engineering: 
ELECTRO offers opportunity to the entire team 






Sponsored by Region 1, METSAC & CNEC Institute of Electrical and Electronics Engineers, IEEE @, 
New York and New England Chapters Electronic Representatives Association A) 
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1 Insertion—$290 


PROFESSIONAL CONSULTING: SGERMICES 


ADVERTISING RATES 





12 Insertions—$3120 


50% discount to IEEE members on three or more insertions. 
If you are an IEEE member, please enclose your membership number with the order. 
Copy cannot exceed 1-inch in depth. 


No product may be offered for sale. 


Advertising restricted to professional engineering and consulting services. 
No orders can be accepted by telephone; order and copy must be sent together. 
For any further information and closing dates please contact: 


THE CONSULTING GROUP 


¢ RF, Microwave & Fiber Optic Systems. 

+ RF, Microwave Filters, Amplifier, 
Oscillator & Synthesizer/PLL basin. 

e Interference Testing & Problem Solving. 

¢ Microprocessor/Microcontroller design. 

¢ Analog circuit design. 

71-25 Austin St, Forest Hills, NY 11375. (718) 793-0777 














SOFTWARE 
ENGINEERING 


20 years diversified experience 
Please call for brochure 
Claudia Barton Ph.D. 
Tel (619) 459-7604 
Fax (619) 456-1381 


Q.A. TECH 
5709 Waverly Ave. 
La Jolla, CA 92037 





RF/Analog Circuit Design 


* Communications Equipment Design 

¢ Synthesizers/Phase Locked Loops 

¢ Active/Passive/RF Filters 

¢ Analog Signal Processing 

¢ Audio Processing Circuits 
RLM Research 


PO. Box 3630 
Boulder, CO 80307 


Steven L. Maddy 
President 
Tel: 303/499-7566 FAX: 303/499-0877 


DR. JEREMY K. RAINES, P.E. 
Electromagnetic Engineering & Analysis 


e Antennas and Arrays 
¢ Effects of Complicated Environments 
¢ Scattering and Radar Cross 

Sections 


13420 Cleveland Drive 
Potomac, Maryland 20850 (301) 279-2972 





CONTROL SYSTEM CONSULTING 


© Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

¢ Electrical, mechanical, hydraulic 

© Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


RESEARCH AND DEVELOPMENT ELECTRONICS 


¢ Specializing in medical product development 
¢ Ultrasonic Doppler and imaging 

* Low noise wideband amplifiers 

¢ Analog and digital signal processing 


© Laboratory and prototyping facilities 


For further information contact: 
Steve M. Gehlbach, Ph.D., President 


Kesa Corporation 
(408) 748-1814 


4701 Patrick Henry Drive #1801 
Santa Clara, CA 95054 
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IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 
MAGNA-POWER ELECTRONICS, INC. 


135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 


Carle Place, NY 11514 
516-222-2221 





O.C.R. inc 


OPTICS ¢ COATING ¢ RESEARCH 
© OPTO-MECHANICAL ENGINEERING 
¢ INFRARED SYSTEM ANALYSIS 
¢ FLIR DESIGN & TEST 
e HEAD UP DISPLAYS 
¢ SPECTROSCOPIC INSTRUMENTS 
¢ OPTICAL DESIGN & TEST 


Marvin Hutt (201) 337-3155 
107 MANITO AVE, OAKLAND, N.J. 07436 





NOISE, TRANSIENTS AND INTERFERENCE 


° FCC, VDE, EMC/EMI 

* Susceptibility, ESD, RF, Transients, Lightning 
* Testing & Retrofit for Product Enhancement 
e UL, VDE, CSA, Other Safety-Related Specs 

¢ Noise-Immune Designs and Prototypes 

* FCC Compliance Training & Retrofits 


THE R. Kenneth Keenan 
@  kcenan 


Ph.D., VP Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 


Pinellas Park, FL 34666 

















Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis 
using MagNet 2D and 3D FEA software. 

© motors © magnetizing fixtures 

© transformers © recording heads 

© actuators © NMR applications 

© levitators © magnetic bearings 

© CRT design e etc... 

1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 





INDUSTRIAL CONTROLS 


Custom Microprocessor Based Controls 
¢ Machine Tool Controls = © Punch Press Controls 
¢ Process Controls ¢ Prototype Production 
© Motorola 68xx, 68xxx Systems 
30 Years Experience 

Wintriss Engineering Vic Wintriss, MSEE 
254 Sunset Drive Phone (619) 436-8889 
Encinitas, CA 92024 Telex 9102505372 





Charles E. Mullett, PE. Karl B. Keller 


MULLETT ASSOCIATES, INC. 


THE POWER SUPPLY DESIGN EXPERTS 
Specializing in switching power supply design 
and prototypes ¢ Design reviews * Product 
testing and evaluation * Magnetics design 
e Mag amp regulators, etc. 

Let us help you! 

5301 Beethoven St., Los Angeles, CA 90066 
(213) 306-4075 


Electromagnetic Field Analysis in 2D and 3D 
Expert consulting for solenoids, motors, actuators, 
relays, transformers, magnetic shielding, MMIC, 
waveguides and optics. 

Engineering Software 


Ansoft Corporation and Consulting Services 


Four Station Square 

Commerce Court Building, Suite 660 
Pittsburgh, PA 15219, USA 

Phone: (412) 261-3200 FAX: (412) 471-9427 


Application Software 
Assembly to 4GL 


Analog/ Microprocessor 
Circuits/Instruments 


PRODUCT DESIGNS 


Systems—Hardware & Software 


Frank Bosso, P.E. 
5 Frandon Drive 
Danbury, CT 06811 


Bus. (203) 792-8894 
Home (203) 744-3437 


DR. A. ELSERSAWI, SMIEEE, P. ENG. 


© Power electronics, SCR Controllers & Converters 
e Harmonics and Industrial disturbances 

© Magnetics 

© Powerfactor correction. 


MARILYN YPES ASSOCIATES 
111 Gordon Baker Road, North York, Ontario, 
Canada M2H 3P8 


Tel(416) 496-2295 Fax 496-0926 





MicroCircuit 
Designs, Inc. 


Integrated Circuit Development Services 
- CMOS CPU CHIPSET -SYSTEM 

- DIGITAL GaAs - LOGIC 

- ANALOG - CIRCUIT 

- HIGH SPEED - PHYSICAL 
T.K. Stickel, President 


5 Walden Way Chalfont, PA 18914 
215-997-2994 FAX 215-234-8809 


IR DETECTOR ARRAY/SYSTEMS CONSULTANT 
¢ THERMAL/PHOTON DETECTORS 

© STARING/SCANNING ARRAYS 

¢ SIGNAL CONDITIONING/RADIATION HARDENING 


© MULTIPLEXING/SPECIAL PURPOSE READOUT 
¢ SYSTEM APPLICATIONS 
DEAL DEVELOPMENT CO—DR N SCLAR, IEEE FELLOW 
23634 DECORAH RD, DIAMOND BAR CA 91765 
(714) 860-8440 
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Patent Attorney 
Electronics - Signal Processing 


I. Ionescu, MSEE, PE, JD 
Patent Office Reg # 33185 
203-381-9400 

Box 697, Stratford, CT 06497 





GOSIP MAP DECnet 
e Broadband & Fiber Optic LANs 
e Systems Design & Integration 
e Courses & Technology Reports 
SHIP STAR Associates 
Bob Crowder, President 
36 Woodhill Dr., Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 


FIELDBUS NMgt. MMS 








Industrial & Motion Controls 
* Electronics: Digital (MP, DSP) and Analog 
¢ Brushless Motors 
* Solenoids (rotary, linear, proportional) 
© Finite Element Analysis 
© System Design (Hardware, Software), Adaptive Controls 
* Consulting and Product Design 

ADVANCED MOTION CONTROLS INC. 
Ph: 414/295-3500 
P.O. Box 379, Princeton, WI 54968 


International Compliance Corporation 


Design, Test, & Consulting 
e FCC Certification/ Verification 
¢ VDE, CISPR, VCCI (Japan) 
 ‘4992’’ European Compliance Testing 
© Product Safety: UL, CSA, IEC, VDE 
e Electrostatic cee ESD) 
¢ MIL-STD 461/462, NARTE-Certified Engineer 
812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 





Software Quality Assurance (SQA) Consulting 


Specialized in IEEE, MIL, DOD, FDA 
Standards and different CASE tools 
is looking for 
Jobs and Connections—all over the world 


MAOF EITAN Ltd. P.0.B. 1099 Petach Tikva, 
ISRAEL TLX: 381274 FAX: 972-3-9304004 





MAGNETIC CIRCUIT DESIGN 


“MAGNETO” BEM Software 
Boundary Element Method 
e Brushless Motors © Switched Reluctance 
¢ Stepping Motors § © Magnetic Bearings 
Magna Physics Corp. James R. Hendershot 
P.0. Box 78 Tel: 513-393-9835 
Hillsboro, Ohio 45133 FAX: 513-393-9836 













MICRO RESEARCH co., 10 Please Contact: 


We are the top professional of Palais Ans 
é x Rd, 

¢ Microcomputer Based Product West, Hong Kong 
development aan 

© Hardware/Software development : 

¢ Semi-custom IC development oe eS 
-MCU, ASIC, ROM, Voice /Sound/ (852) 559-3031 
Melody IC Telex: 

¢ End Product development 74773 MICOR HX 
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To fight crime in Philly, 
people plant posies. 


“The bad part of town.” 
Abandoned cars. Side- 
walks scattered with crack 


vials. Bombed-out buildings. 


A neighborhood whose 
spirit is as broken as the 
bits of glass that dot the 
street. There are only two 
things to doifyour neigh- 
borhood becomes a war 
zone: give up or take action. 

The Philadelphia Story 

One day, in the “bad part” 
of Philadelphia, a neighbor 
complained to a neighbor. 
And then to another And 
then to more. People didn’t 
like their homes being 
“taken over.” Feelings of 
helplessness and resent- 
ment turned to action. 

They went to the police 
for help. 

Soon a substation was 
established where 
folks could readily 
report crime. Weekly 
meetings began. 
Community 
watches started. 
Things started 


0 Prevention Council. 














getting fixed up. Vacant lots 
were cleaned up and fenced 
off. Abandoned cars were 
towed away. Painting and 
repairing programs began. 
The neighborhood was 
cleaning itself up. The local 
4-H Club even helped set up 
garden clubs where kids, 
teens and adults could work 
together on plants and 
flowers while talking over 
ways to raise awareness. 
When people care and get 
involved, neighborhoods 
change. When a block doesn’t 
look like a haven for crime 
and drugs, it won’t be. And 
in this part of Philly, where 
once only apathy grew, 
seven gardens now bloom. 
This is only one success 
“~~ story of many. To find 
out what can be done 
in your neighbor- 
hood, write: The 
McGruff Files, 
1 Prevention Way, 
Washington, D.C. 
20539-0001. 


Ameasage from the Crime Prevention Coalition, the U.8. Department 
of Justice and the Advertising Council. © 1989 National Crime 
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Global theme stressed 
at Brussels meeting 


Among the dignitaries met by the IEEE 
Board of Directors at its recent meeting in 
Brussels were the U.S. Ambassador to the 
European Community (EC), EC headquar- 
ters officials, and officers of IEEE Region 
8. In these sessions, the Board stressed 
the theme of the IEEE as a global associ- 
ation of professional EEs, transcending 
national borders and political interests. 
The Board also received several brief- 
ings on the progress of the EC’s member 
states toward forming a single market. At 
one, an EC official praised the IEEE’s work 
in international standards such as Posix. 
IEEE President-Elect Eric Sumner spoke 
at the joint meeting of the Board and the 
Region 8 Committee, predicting that at 
current. growth rates of members in 
Regions 8-10, within a few decades, IEEE 
membership might be a third each from 
Europe, Asia, and North America [THE IN- 
STITUTE, July, p. 14]. 
PERE o COUR OA OG OOS 


Board ponders dues increase 


The expense of maintaining and improving 
members’ services may require an in- 
crease in dues to balance the 1991 budg- 
et, the IEEE Board of Directors found at its 
recent meeting in Brussels. At the present 
dues level, the preliminary budget would 
require withdrawing $1.3 million from 
reserves, which have been declining since 
dues were last raised in 1988. To balance 
last year’s budget, $2.2 million was taken 
from the reserves, and to keep reserve lev- 
els from falling too low, the Board voted to 
raise the minimum level from 25 to 35 per- 
cent of operating expenses. The actual 
level is currently at 50 percent. 

The Board also approved plans to re- 
place the IEEE’s outdated data-processing 
system at a cost of $4 million, to be spread 
over several years, beginning in 1991. The 
new system will allow members around the 
world to access IEEE databases and to use 
electronic mail more effectively [THE INSTI- 
TUTE, July, p. 1]. 
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The candidates and the issues 


The restructuring of the IEEE’s volunteer 
organization should be approached cau- 
tiously, agree the five candidates for 1991 
IEEE President-Elect, but they disagree on 
such other issues as dues increases. The 
candidates are Edward C. Bertnolli, Mer- 
rill W. Buckley Jr., Theodore W. Hissey Jr., 
Edward A. Parrish, and Martha Sloan. 
On volunteer restructuring, Bertnolli 
favors allowing the members to vote on the 
issue, Buckley warns against reducing the 
Educational Activities Board’s effective- 
ness, and Hissey stresses that standards 
should be part of the overall IEEE rather 
than a sub-group within IEEE-U.S. Activi- 
ties. Parrish believes that the new region- 
al entities proposed under the reorganiza- 
tion would lack technical content, and 
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Sloan feels that enough time has passed 
for members to comment on the idea and 
that it should be resolved soon. 

When asked whether any recent IEEE 
actions or inactions now seemed inap- 
propriate to them, Sloan said that slow 
delivery of IEEE publications was a prob- 
lem, and Parrish cited the IEEE’s reluc- 
tance to take risks and its slow implemen- 
tation of services such as electronic mail. 
Hissey noted that the IEEE should have 
taken more action to increase internation- 
al thinking and activities, Buckley thought 
that not consulting the membership on 
such issues as the proposed amending of 
the Code of Ethics was a mistake, and 
Bertnolli described the addition of the as- 
sociate general manager level to the IEEE 
staff as an error [THE INSTITUTE, July, p. 1]. 
LOCOCO LOS SCO IOO OOS 


Members surveyed worldwide 


The results of the first IEEE worldwide 
member opinion survey are in. Among the 
findings: 25 percent of non-U.S. members 
work in educational institutions as op- 
posed to 8 percent of U.S. members, and 
the primary job activity of 53 percent of 
non-U.S. members and 46 percent of U.S. 
members is research and development. 

The “typical” IEEE member is a male in 
his early forties with a master’s degree. If 
he works in the United States, he probably 
earns about $56 000 (salary data was not 
obtained for non-U.S. members). He also 
has access to a personal computer—86 
percent of U.S. members and 89 percent of 
non-U.S. members are using PCs. 

For further results, see the August issue 
of THE INSTITUTE. 
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Electrical unease. Citizen actions and liti- 
gation reflect growing concern that elec- 
tromagnetic fields may affect human 
health. A special report on research. 


Virtual instruments. Nowadays an en- 
gineer can transform a PC into an oscillo- 
scope, a voltmeter, or whatever. 


For sale. The spread-spectrum approach 
is showing commercial promise because 
it makes more efficient use of the congest- 
ed electromagnetic spectrum. 


Ideogram processing. Written Japanese 
presented formidable challenges to the de- 
velopers of word-processing equipment. 


Brighter birds. The communications satel- 
lites of the ’90s will use hopping spot 
beams for communicating with many 
places and elaborate signal processing for 
greater capacity. 


National differences. The U.S. subsidiaries 
of Japanese companies often employ U.S. 
engineers. Cultural differences influence 
communication and decision making. 


Surprising optics. Solitons aré pulses of 
light that behave unexpectedly above a 
certain energy level. One type travels along 
optical fibers without dispersion, auguring 
cheap, long-distance communications. 
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MicroWay manufactures a broad range of products that boost 
the speed and capacity of your current PC/AT. They include 
386 and 386SX accelerators and 486 replacement mother- 
boards. We also offer a complete line of Weitek acces- 
H sories and stock all of the Intel, Weitek and Cyrix 
i coprocessors. We created the PC numerics industry in 
1982 and have been developing, selling and supporting 
_the best numeric software and hardware ever since. 
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. This AT accelerator board replaces your 80286 with 
an 80386 clocked at 20 or 25 MHz. It is socketed for 8 
Megabytes of 32 bit RAM, an 80387, Cyrix CX83D87, or i 
Weitek 3167 and a 64K SRAM cache. The numeric perfor- een ee ae 
mance of the Number Smasher 386/25 is a strong function of —. rel . Hee kiaeae tes 
your application and the coprocessor you choose. The 25 eine ite ine é 
MHz NDP Fortran-386 driven Whetstones are 2.1, 3.7 and 5.5 equipped yi gs panoube ec: 
MegaWhetstones running on the 80387, CX83D87 and 3167. ; 


mW3167/MCA 


Number Smasher 486/25 Our MCA Weitek card runs in the IBM Model 


Numeric Performance 70 and 80. At 20 Mbz, its performance is 2 
~ to 3 times that of an 80387. ay" 











face. The aT iyi 
ture is ideal for en 






















486 


Megawhetstones a) ; NDP Fortran-486 and C-486 IVIICTO 
Megawhetscales 41 } are globally optimized main- NDP Fortran-486 Way 
frame compilers that have 


MicroWay and Number Smasher are registered trademarks of MicroWay, Inc., 80386, 80387, 80486 TT tuned for the 80486 
are-trademarks of Intel Corp., Cyrix and CX83D87 are trademarks of Cyrix Corp., Weitek, 3167 and and 4167. NDP Fortran-i860 


4167 are trademarks of Weitek Corp. Pree C-i860 Perri ea 
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eM Corporate Headquarters: P.O. Box 79, Kingston, MA 02364 USA (508) 746-7341 
‘ 32 High St.. Kingston-Upon-Thames, U.K., 81-541-5466 USA FAX (508) 746-4678. 
Germany 069-75-2023 Italy 02-74.90.749 Holland 40 836455 Japan 3 222 0544 
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Introducing DADiSP 2.0 





PADiSP Worksheet 


sa 





i SAVE aw [REMOVE | 
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Picture in 
Signal Processing 


DADiSP — interactive graphics and data analysis soft- Flexible, expandable, customizable — annotate your 
ware for scientists and engineers. DADiSP 2.0 delivers graphs and send them to printers, plotters, or publishing 
unprecedented power, through easy-to-use menus. Choose _ packages. Create your own macros, automate routine 
from hundreds of analysis functions and graphic views — tasks, and run any program written in any language from 





from tables to 3-D. Simultaneously display within DADiSP. DADiSP even lets you build 
multiple windows, each with different data or _. your own menus. 

analyses, for unlimited perspective on your A proven standard — already used by 
toughest data analysis problems. thousands of engineers and scientists world- 
Build your own analysis worksheets — wide, in a whole range of applications like 
build and display an entire signal processing medical research, chemistry, vibration 
chain, without programming. And DADiSP’s analysis, communications, manufacturing 
powerful graphic spreadsheet automati- quality control, test & measurement, and 
cally recalculates and updates the entire more. DADiSP supports the IBM PC 
chain if you change your data or a and PS/2, SUN, DEC VAX, HP 9000 and 
processing step. Concurrent families of personal computers 


Do serious signal processing...the way and workstations. 





you always pictured it! FFTs, digital filter GET THE PICTURE! 

design, convolutions, waterfall plots, and more CALL TODAY 617-577-1133 

— all at the press of a key. Ask for our Evaluation Disk. For more 
Let your instruments do the talking — use DADiSP- information, write to DSP Development Corporation, 


One Kendall Square, Cambridge, MA 02139, 
or FAX: 617-577-8211. 


DSP 


Development 
Corporation 


488 to bring data from your instruments directly into a 
DADiSP window for immediate viewing and analysis. 
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